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Abstract 
Attention biases toward negative stimuli in the environment have been associated with 
high levels of anxiety symptoms.  Adults with heightened levels of anxiety as well as 
anxiety disorders both evidenced this negative attentional bias.  Shifting attention biases 
away from negative threat through attention modification training (AMT) has 
demonstrated decreases in emotional lability and anxiety.  AMT is based on cognitive 
models of anxiety that posit that information-processing biases play a role in the etiology 
and maintenance of anxiety.  Thus attention training is emerging as a potential treatment 
component for anxiety disorders.  While studies suggest promising results for AMTs in 
reducing attention bias and anxiety, there remain a number of questions regarding the 
parameters of attention training for anxiety.  This study examined a dose-response 
relationship for the number of training trials (high dose = 240 trials, medium dose = 160 
trials, and low dose = 80 trials) in a single-session AMT that produce immediate (post-
training) and long-term effects (one-week and one-month follow up) on attention biases, 
anxiety, mood symptoms, and information processing.  Eighty-two undergraduate 
students with high levels of social anxiety participated in AMT training, a speech task, 
and questionnaire completion.  Results indicated that high and medium dosages of AMT 
had the greatest immediate and long-term effects on shifts in attention away from  
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negative stimuli and reductions in state anxiety.  Additionally, at one-month follow-up 
high and medium dosages of AMT produced significant effects on depressive symptoms.  
Results indicated a low dose of AMT was not efficacious in shifting attention or 
producing change in anxiety and mood symptoms.  Lastly, AMT did not produce changes 
in social anxiety symptoms or interpretation biases.  Findings from the current study add 
to the parameters of AMT in the amelioration of anxiety and establish the extent of 
training required for optimal outcome.  It appears that 160 trials is the optimal amount of 
AMT in a single-session to provide short and long-term effects. Implications for 
understanding attention training on anxiety and information processing biases are further 
discussed, including the more specific implications of AMT for cognitive behavioral 
treatments.    
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Attention Shifts and Anxiety Change: Dose-Response Relationship 
 Cognitive models of anxiety posit that biases in information-processing play an 
important role in the etiology and maintenance of anxiety (Beck, 1976; Beck & Clark, 
1997; Mathews & MacLeod, 1994; Rapee & Heimberg, 1997).  According to Beck’s 
cognitive model, information-processing is guided by schemas (cognitive frameworks or 
concepts) that may determine how information is attended to, interpreted, and 
remembered (Beck, 1976; Beck, Emery, & Greenberg, 1986).  Beck proposed that the 
activation of schemas is responsible for selective processing of schema-congruent 
information.  For example, an anxiety-prone individual would be characterized by a 
hyperactive threat-schema that would result in increased attention to external threat cues, 
followed by a tendency to interpret ambiguous information in a threatening manner, 
which subsequently leads to an increased propensity to remember dangerous experiences.  
According to this model differences in anxiety and depression arise from the specific 
content of each emotion; anxiety is associated with schemas related to danger and 
depression is associated with failure or loss.  Lastly, Beck’s cognitive model suggests that 
the each stages of processing (e.g. attention, interpretation, and memory biases) are 
thought to be interrelated and influenced by the other.  Interpretation and memory biases 
are thought to be later stages of processing requiring more conscious and strategic 
thought processing.  Attention bias is thought to represent an early and automatic stage of 
processing, and therefore may also play a unique role in the development and 
maintenance of anxiety.   
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Models of Attention Bias and Anxiety 
   According to MacLeod & Mathews (1988) individuals who have a greater 
tendency to show automatic vigilance for threat (i.e. attention bias) are more susceptible 
to the development of anxiety disorders when under stress.  In other words, attention bias 
for threat represents a cognitive vulnerability factor for clinical anxiety.  Additionally, 
under stress individuals with high trait anxiety become more vigilant and therefore have a 
greater propensity for developing clinical levels of anxiety.  A similar model by Williams 
and colleagues (1988) suggests that where high trait anxious individuals have an enduring 
tendency to orient to threat, low trait anxious individuals shift their attention away from 
threat.  Therefore, high trait anxious individuals react to increased activation of threat 
because at the unconscious attentional stage of processing individuals switch their 
attentional resources towards the source of threat.  Eysenck’s (1997) theory of hyper-
vigilance and anxiety proposes that high trait anxious individuals engage in a high rate of 
environmental scanning, a broadening of the focus of attention prior to their detection of 
threat stimuli, which then leads to a narrowing of attention and an automatic shift to that 
threat stimuli in the environment.  Overall these models indicate that attentional biases 
lead to a cognitive vulnerability for anxiety 
 Biological models of anxiety also take into account the impact of attention biases 
as a contributing factor for anxiety disorders.  With regards to a biological formulation of 
anxiety, Gray’s (1985) model of anxiety suggests that the activation of the Behavioral 
Inhibition System (BIS), a motivational system that responds to threats of punishment or 
failure, and to novelty and uncertainty, results in inhibition of ongoing behavior, 
increased arousal and greater attention to novel environmental stimuli.  Gray proposed 
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that anxiety-prone individuals have a highly reactive BIS, which in turn is responsible for 
their hyper-vigilance and attention bias for potential environmental threat.  LeDoux 
(1995) suggested that the amygdala plays a central role in mediating attention biases to 
threat as it directly receives thalamic inputs that allow rapid responses to limited stimuli 
information.  In other words, when the amygdala has been activated by a threat stimulus 
it exerts influence on a range of cognitive processes, including selective attention to 
threat.  In a recent study, Carlson and colleagues (2009) demonstrated that preconscious 
attention bias to threat increased amygdala activity, providing evidence that the amygdala 
is involved in automatic facilitated attention to threat.  Other studies have found similar 
correlations between amygdala activity and attention bias (Anderson & Phelps, 2001, van 
den Heuvel et al., 2005).  While the amygdala may be a central structure in attention 
biases, it should be noted that there are complex attentional mechanisms that also play a 
role in automatic attention.  Overall, both the septo-hippocampal area (Gray’s BIS) and 
the amygdala may be involved in the modulation of attention to significant emotional 
stimuli (i.e. threat).  
 Mogg and Bradley (1998) proposed a cognitive-motivational view of attention 
and anxiety that attempts to combine the neurobiological systems mentioned above.  This 
view suggests that valence evaluation and goal engagement systems are important in 
understanding the relation between attention and anxiety.  In other words, biases in 
attentive processes and orienting to threat stimuli in the environment depends on the 
combined functioning of these two motivation-related systems reflecting valence and 
engagement.  Therefore, according to this view, trait anxious individuals reflect the 
reactivity of the valence evaluation system to aversive stimuli in the environment.  
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Negative stimuli, which low trait anxiety individuals would view as trivial, are tagged 
with a relatively high subjective threat value.  The valence evaluation system feeds into a 
goal engagement system, which determines the allocation of attentional resources for 
cognitive processing and action.   
 Lastly, a few cognitive models (e.g., Mogg, Mathews, & Weinman, 1987; 
William et al., 1988) have further posited that automatic orienting to threat may be 
accompanied by avoidant action tendencies that contribute to the vulnerability of clinical 
levels of anxiety.  It is suggested that a ‘vigilance-avoidance’ pattern of attentional biases 
is likely to result in increased detection of minor threats in the environment in the 
absence of prolonged exposure to such stimuli.  Therefore, this attentional response 
pattern may increase the attentional sensitivity to threat and interfere with potential 
habituation to negative stimuli in the environment, leading to maintained anxiety in the 
long-term.     
 Together, these models suggest that attentional processes are important in 
mediating anxiety responses to potential threats in the environment.  Additionally, these 
models predict the component of vigilance/facilitated attention towards threat and the 
vulnerability for clinical levels of anxiety.  Furthermore, these models posit a threat 
detection mechanism of sorts that is responsible for detecting and orienting attention 
towards threatening stimuli in the environment and a mechanism that allocates available 
cognitive resources to threat (e.g. Bar-Haim, Bakermans-Kranenburg, Lamy, Pergamin, 
& van IJzendoorn, 2007).  Overall, this early stage of information processing is crucial in 
understanding the development and maintenance of clinical levels of anxiety and can 
further inform intervention strategies.    
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 Association Between Attention Bias and Anxiety  
  Research on attentional biases has demonstrated that people with high levels of 
anxiety selectively attend to emotionally negative information in their environment 
(Cisler & Koster, 2010).  Attentional bias toward threat among anxious populations is a 
relatively robust phenomenon.  A recent meta-analysis demonstrated a moderate to large 
effect size (Cohen’s d = .45) for the association between attention bias toward threat and 
anxiety symptoms (Bar-Haim et al., 2007).  Additionally, attentional biases have been 
observed in several different tasks used to assess the allocation of attention, suggesting 
that this phenomenon is not an artifact of experimental procedures (Bar-Haim et al., 
2007).  Another important finding in attentional bias research is that the bias toward 
threat occurs in all anxiety disorders with equal magnitude across anxiety symptoms.   
 With regards to the assessment of attentional biases, adaptations to the Stroop 
color-naming task have been used and have generally supported the hypothesis that 
threatening words command more processing resources in anxious individuals (e.g. 
Mathews & MacLeod, 1985).  Individuals with high levels of anxiety demonstrated 
increased color-naming latencies for words related to threat compared to non-anxious 
individuals, suggesting that anxious participants readily allocated processing resources to 
emotionally negative words.  While several of the earlier attention bias studies utilized 
the Stroop color-naming task and have found similar results, MacLeod and colleagues 
(1986) argued that this task made it difficult to truly demonstrate that anxious participants 
were disproportionately allocating attentional resources to negative stimuli.  They 
suggested that a modified dot probe experimental paradigm originally introduced by 
Posner (1980) could directly measure how visual attention is disturbed.  Posner’s (1980; 
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Posner & Peterson,1990) theory of attention utilizing a dot probe paradigm suggests that 
attention shifts occur prior to visual orientation toward a particular stimulus in the 
environment.  Posner’s experiments showed that there is a strong tendency for attention 
to shift to the target position for an eye movement prior to the eye leaving the fixation 
point, which argues for a firmer link between attention and eye movements.  Therefore, 
MacLeod and colleagues (1986) utilized a modified dot probe computerized task to 
engage selective attention processes by assessing the spatial distribution of attention to 
threat versus other (i.e. neutral) stimuli.  This dot probe task contains trials in which pairs 
of threat and non-threat stimuli are simultaneously presented, followed by a visual probe 
(e.g. a small dot) immediately after the stimulus.  On some trials, the probe will replace 
the threatening stimulus (e.g. angry face) and on others the neutral stimulus (e.g. neutral 
face).  Differences in reaction times (RTs) for probes replacing threat versus neutral 
stimuli are an index for attention bias to threat.   
 Studies have demonstrated that anxious persons compared to nonanxious persons 
are quicker at locating the probe on the computer screen after it has replaced a 
threatening stimulus.  For example, in several studies, individuals diagnosed with 
generalized anxiety disorder responded faster to probes that replaced threat words than 
neutral words (e.g. MacLeod et al., 1986; Mogg, Mathews. & Eysenck, 1992; Mogg, 
Bradley, Miller, & White, 1995).  In another study, high trait anxious undergraduates 
compared to low trait anxious individuals produced greater RTs for probes that replaced 
threat words when faced with a stressful task (MacLeod & Mathews, 1988).  This study 
also supports that stress increases vigilance in vulnerable participants with high trait 
anxiety.  Bradley and colleagues (1997, 2000) conducted a modified version of the dot 
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probe task by utilizing facial expressions as the stimuli.  Participants who reported high 
state anxiety produced faster RTs to probes that replaced negative versus positive facial 
expressions.  Therefore, both types of stimuli, words and facial expressions, utilized for 
the dot probe task suggest that anxious individuals demonstrate an attentional bias toward 
threat.  
 Bar-Haim and colleagues’ (2007) meta-analysis included 172 studies examining 
the association between anxiety and attentional biases.  In addition to establishing a 
significant threat-related bias present in anxious participants but not in nonanxious 
participants, mediating factors were examined.  This study suggested that there was no 
difference with regards to effect size on the association for threat-related bias with 
clinically anxious individuals (Cohen’s d = .45) versus those who self-reported high 
levels of anxiety (Cohen’s d = .46).  Across anxiety disorders, attention bias was 
significant with effect sizes (Cohen’s d) ranging from .36 to .59.  Comorbidity with 
depression was found not to play a major role in threat-related biases as there was no 
difference in effect size for individuals with a comorbid mood disorder.  Lastly, groups 
based on trait versus state anxiety did not differ, suggesting that attentional biases are 
related equally for both.  Overall, it is well established that threat-related attentional 
biases are strongly associated with anxious individuals.  
 Causality.  Despite the wealth of information establishing the association between 
attentional biases and anxiety, it does not describe the causal nature of this relationship.   
If attentional biases causally produce emotional vulnerability associated with anxiety 
symptoms, then it follows that successful treatment may involve the attenuation of these 
biases.  A seminal study by MacLeod and colleagues (2002) tested the hypothesis that 
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attentional biases causally mediate anxiety vulnerability by directly manipulating 
attentional biases in order to test the prediction that this will modify anxiety vulnerability.  
Utilizing a dot probe task, participants were presented with 600 trials where a probe 
replaced either a neutral or threatening word.  For half the subjects, the probe always 
replaced the neutral word, and for the other half the probe always replaced the 
threatening word.  This manipulation was seen as training toward or away from 
threatening stimuli in a manner that might represent the differences between nonanxious 
and anxious persons’ attention to potentially threatening events.  After receiving the 
training, all participants participated in a mildly stressful anagram puzzle.  Notably, the 
attention training procedure was effective in altering the attentional bias of participants.  
Immediately following the computerized attention training, participants “trained” to 
attend to threatening words identified probes near negative words faster than participants 
who were trained to attend to neutral words.  Second, attention training impacted reaction 
to performance on the anagram task.  Individuals trained to attend to threatening words 
reported an elevation in negative mood state, measured as anxiety and depression, 
immediately following the anagram task, while those trained to attend to neutral words 
did not report an elevation.  These findings provided preliminary support for the causal 
nature of negative attentional biases in heightened emotional vulnerability.  The training 
in attentional bias only modified the emotional response to a stressful task and did not 
elevate levels of overall negative mood, in that both groups reported similar moods 
directly after attention training (but before the anagram task).  Thus the manipulation of 
attentional bias did serve to modify emotional reactivity to a stressful task, and therefore 
mediated symptoms of anxiety.  
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Attention Modification Training.  
  The finding that manipulated shifts in attention has an impact on emotional 
lability toward stressful events led to a number of studies demonstrating that attention 
training could reduce anxiety and emotional lability to stress (e.g., Hakamata, Lissek, 
Bar-Haim, Britton, Fox et al., 2010). Attention Modification Training (AMT) was used as 
a method of manipulating attention bias away from threat utilizing a dot probe task, in a 
condition wherein the probe replaces the neutral stimulus every single time.  AMT has 
been shown to be effective in reducing symptoms of anxiety and attentional biases across 
several different anxiety disorders and symptoms.   
 Hakamata and colleagues (2010) conducted a meta-analysis on studies 
investigating the impact of AMTs on anxiety symptoms in a randomized controlled trial.  
Twelve studies were identified as meeting inclusion criteria and all utilized a dot-probe 
task with the intentions of reducing anxiety symptoms.  Results revealed significant 
benefit of AMTs on anxiety measures, with a medium to large effect size (Cohen’s d = 
.61).  Even when three potentional study outliers were removed from the sample the 
effect size remained in the medium range (Cohen’s d = .36).  Additionally, secondary 
analyses were conducted to examine potential moderators.  For example, this study 
(Hakamata et al., 2010) examined the difference in effect sizes on anxiety symptoms as a 
product of clinical (Cohen’s d = .78) versus nonclinicial participants (Cohen’s d = .48), 
and found that AMTs had a greater effect in reducing anxiety symptoms with participants 
diagnosed with an anxiety disorder compared to those who were not diagnosed.  A large 
effect size (Cohen’s d = .77) was indicated in three studies employing a stress exposure 
after the AMT, indicating that attention training may also provide a buffering effect 
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against the vulnerability to stressors.  Lastly, this study found that the number of sessions 
significantly predicted effects of AMT on shifts in attention bias; however, effects on 
anxiety were not examined.  The correlation between the magnitude in attention bias 
change and change in anxiety across studies was significant (p = .05), indicating that 
reduction in symptoms is contingent upon shifts in attention bias.  While this study shows 
promise that AMTs may be a novel treatment for anxiety disorders, future research is 
needed to further understand the parameters of AMTs that may influence treatment 
delivery.    
 AMT in community samples.  Studies have examined attention training within 
community samples utilizing a single-training session AMT.  Amir and colleagues (2008) 
recruited undergraduates from a university participant pool with an advertisement for 
“individuals with difficulty giving speeches.”  Participants were also further screened on 
the basis of the Liebowitz Social Anxiety Scale (LSAS) score (greater than 26).  Those 
who were invited to participate were randomized to an AMT group or a control group.  
Attention training consisted of 160 trials with social disgust versus neutral faces as the 
pair of stimuli.  Participants in the AMT group received attention training where the 
probe always replaced the neutral face and those in the control group had a probe that 
replaced the social disgust and neutral face an equal amount of times.  Attention bias was 
assessed before and after receiving attention training by a dot probe task of 48 trials of 
negative-neutral word pairs.  Lastly, all participants engaged in a behavioral task that 
required them to create a 5 minute speech and deliver it in front of a camera.  Results 
suggested significant attentional shifts away from threat for participants in the AMT 
group compared to participants in the control group.  Anxiety symptom differences on the 
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State-Trait Anxiety Inventory – State Anxiety (STAI-S) were not found between the two 
groups immediately following the training.  However, significant differences were found 
for anxiety response for participants in the AMT group compared to the control group 
after the speech task.  In other words, while all participants reported greater state anxiety 
after participating in the speech task, participants in the AMT group reported 
significantly less state anxiety compared to those in the control group.  Speeches were 
also rated for the qualitity of performance by blind raters and participants in the AMT 
group received higher ratings indicating greater performance.  
 Two similar studies examined a single-training session AMT (i.e. 160 trials) for 
participants who reported high symptoms of social anxiety (Klumpp & Amir, 2010; 
Julian et al., 2012).  Klumpp and Amir (2008) found in their sample of undergraduate 
students recruited based on a cut off score of 20 on the LSAS, that participants in the 
AMT group demonstrated lower attention bias and reported significantly less state 
anxiety (STAI-S) after engaging in a speech task compared to the control group.  Julian 
and colleagues (2012) partially replicated the study by Amir (2008) and included an 
exercise component as part of treatment to be identified as a moderator of cognitive 
responses to training.  Therefore, participants were randomized to an AMT group and 
control group, and within those groups, participants received either 20 minutes of 
exercise on the treadmill or were in the rest condition.  Results from this study suggested 
that there were no effects of attention training on attention biases or anxiety reactivity 
even after engaging in the speech task.  Additionally, there was no interaction effect of 
attention training and exercise on attention bias or anxiety reactivity.  Therefore, this 
study did not replicate the same findings suggested by previous studies.  It may be that 
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the addition of another condition (i.e. exercise) in this study affected the replication of 
similar results; however, this study provides evidence for the need for future research on 
the parameters of attention training in the amelioration of anxiety symptoms.   
 Other studies utilizing community samples have investigated different types of 
anxiety symptoms.  For example, immediately following a single-training session AMT 
of 288 trials undergraduates with relatively high obsessive compulsive anxiety were able 
to respond with less stress to a behavioral task compared to those randomized to the 
control group (Najmi & Amir, 2010).  Additionally, among high trait anxious 
undergraduates compared to nonanxious undergraduates, Eldar and Bar-Hiam (2010) 
found that within a single-training session AMT of 480 trials, only high trait anxious 
participants who received attention training reported less anxiety and demonstrated less 
attention bias compared to those who received no training.    
 Studies have also expanded AMT programs to multiple training sessions within 
community samples.  For example, Li and colleagues (2008) recruited undergraduate 
students with high levels of social anxiety and randomized them to an AMT or control 
group.  Participants engaged in attention training seven consecutive days and received 
240 trials of training per session.  Results suggested that AMT was effective in increasing 
participants attention to neutral pictures more than negative ones.  Additionally, there was 
a significant reduction in self-reported anxiety symptoms in the AMT group after 
training.  Therefore, after consecutive training sessions participants in the AMT group 
had a reduction in attentional biases and social anxiety symptoms.   
 Other studies have examined multiple AMT sessions for different anxiety 
symptoms.  In a home-based study, healthy high school graduate participants from 
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Singapore were recruited based on a major transition of engaging in a study abroad 
program in Australia (See, MacLeod, & Bridle, 2009).  Participants were randomized to 
an AMT or control group.  Participants received a 16-day home based AMT program of 
192 trials per session.  Self reported state and trait anxiety and attentional biases were 
measured prior to starting the AMT program and on day 16, immediately prior to leaving 
for their study abroad program.  Additionally, participants reported on their anxiety 
symptoms three hours after arriving in Australia the following day.  Results showed that 
repeated daily exposure to attention training did decrease attention bias and it also 
significantly decreased state and trait anxiety compared to a no training group prior to a 
real life stressful event.  These results also suggest that AMTs may be translatable to 
home settings.  
 Additionally, Hazen and colleagues (2009) recruited undergraduate participants 
who reported severe worry and anxiety symptoms.  Participants were randomized to an 
AMT or control group and received five consecutive sessions of attention training with 
216 trials per session.  Similar to previous studies, results suggested the AMT group 
demonstrated significant reductions in attention bias and reductions in worry and anxiety 
symptoms compared to the control group.   
 Lastly, Reese and colleagues (2010) expanded on research on AMT by examining 
the maintenance of gains across time.  Individuals who reported symptoms of a specific 
phobia for spiders were recruited.  The AMT program consisted of participants coming 
into the lab four times over the course of one week and receiving 192 trials per session.  
Participants also engaged in a behavioral task, which consisted of participants’ 
willingness to approach a caged tarantula rated on a scale of 0 (not avoidant) to 5 
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(extremely avoidant).  Results suggested that participants who were randomized to the 
AMT group demonstrated significantly lower attention bias to spiders compared to the 
control group.  This was maintained at one day and one week follow up.  However, with 
regards to anxiety symptoms, participants in both the AMT and control group 
demonstrated a decline in self-reported spider fear and avoidance post training and at 
follow up time points.  Overall, results show that attentional biases in spider-fearful 
individuals can be reduced and sustained at one-week follow up, but there were no 
differences between the two groups for a decrease in anxiety symptoms.  One reason 
participants in the control group also reported reduced anxiety symptoms may be because 
they were also exposed to photographs and live spiders which may have helped with the 
reduction of anxiety, and attention training did not significantly provide further reduction.  
These results further suggest the need for future research on attention training and the 
effectiveness in the reduction of anxiety symptoms, as well as expanding these results to 
clinical populations. 
 AMT in clinical samples.  Longitudinal studies have also examined extensive 
AMT programs within treatment seeking clinical populations.  Two studies examined an 
eight session AMT program with 160 trials per session over the course of four weeks for 
young adults seeking treatment and who met criteria for generalized social phobia (Amir, 
Beard,  Taylor, Klumpp, Elia et al. 2009; Schmidt, Richey, Buckner, & Timpano, 2009).  
Schmidt and colleagues (2009) randomized participants to the treatment or control group 
and assessment points consisted of post training and a four-month follow up.  Attention 
training stimuli were eight neutral and social disgust faces (four male and four female) 
and attentional bias assessment consisted of social threat versus neutral words.  In 
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addition to self-reported anxiety symptoms, clinician rated symptoms were provided by 
raters blinded to participants group status.  Schmidt and colleagues found that differences 
in self reported social anxiety trended toward significance at post training where 
participants in the AMT group reported less anxiety.  At the four- month follow up, there 
was a significant difference in self reported anxiety symptoms where participants in the 
AMT group continued to report less anxiety compared to the control group.  Similarly, 
Amir and colleagues (2009b) found that participants in the AMT group reported 
significantly less social anxiety symptoms compared to the control group immediately 
following training, and these gains were maintained at a four-month follow up.  
Additionally, both studies found that participants in the AMT group were significantly 
more likely to no longer meet diagnostic criteria for social phobia compared to the 
control group.  Lastly, change in attention bias in the AMT group was associated with 
change in social anxiety symptoms, suggesting that differences between groups were 
contingent upon attention training.  In a similar study with young adults seeking 
treatment for generalized anxiety disorder, Amir and colleagues (2009a) found that 
participants who were randomized to an eight session AMT program over the course of 
four weeks with 240 trials per session also reported signficantly less anxiety compared to 
the control group at post training and gains were maintained at four-month follow up.  
Additionally, a larger portion of AMT participants no longer met diagnostic criteria 
compared to the control group.  
 Recent studies have examined whether internet based AMT programs can be 
delivered for treatment seeking individuals (Boettcher, Berger, & Renneberg, 2012; 
Neubauer, von Auer, Murray, Petermann, Helbig-Lang et al., 2013).  Similarly to 
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previous studies examining AMT programs for social phobia, participants were recruited 
for an internet-based treatment for social phobia and engaged in eight sessions of AMT 
over the course of four weeks with 160 trials per session.  Attention bias was assessed in 
addition to self-reported anxiety symptoms and diagnostic criteria.  Results for both 
studies suggested that at post training there were no differences between AMT and 
control groups for attention bias, reported anxiety symptoms, and diagnostic criteria.  
These results indicate that AMT programs may not be as successful in reducing clinical 
symptoms when delivered via the internet.   
 Amir and colleagues (2012) also conducted a computerized home-based treatment 
program for treatment seeking individuals with generalized anxiety disorder.  However, 
this treatment included a combination of AMT and brief computerized cognitive 
behavioral therapy (CBT) twice a week over the course of six weeks. The AMT portion 
of treatment consisted of 288 trials per session and the CBT modules included 
psychoeducation, cognitive restructuring, exposure, breathing and relaxation, activity 
scheduling, and relapse prevention.  A single session was 30 minutes in length and 
participants first engaged in the AMT portion and then were directed to a CBT module.  
All participants engaged in treatment and came in for an in person pre, post, and five-
month follow up assessment interview.  Results suggested that combined treatment was 
associated with significant reductions in symptoms of anxiety and worry from pre to 
posttreatment.  Attentional biases were also slightly reduced from pre to posttreatment; 
however, group differences were not significant.  A significant number of participants 
(79%) no longer met diagnostic criteria for generalized anxiety disorder.  Posttreatment 
and follow up scores were not significantly different, indicating that changes were 
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maintained at follow up.  Overall, this study provides preliminary evidence for the 
effectiveness of combined AMT and CBT home-based treatment.  However, due to the 
lack of a comparison group it is unclear whether AMT is contributing to the amelioration 
of symptoms above and beyond CBT, especially since previous studies indicated a lack in 
symptom reduction from internet-based AMT programs alone.   
 In summary, while community and clinically based studies suggest promising 
results for AMTs on attention bias and anxiety, there remain a number of questions 
regarding the parameters of attention training for anxiety.  For example, there is 
considerable variability in the number of training trials administered per session that have 
been implemented in AMT protocols.  In the studies mentioned above, the number of 
training trials ranges from 160 to 480 trials per session.  However, it remains unclear 
whether the number of training trials administered in a single-session is related to and has 
differing effects on the reductions in anxiety and attention bias.  Specifically, within the 
literature, 160 training trials has been on the low end of the number of training trials 
implemented in AMT programs that has demonstrated an effect on anxiety and attention 
bias.  However, there is no study to examine whether the number of training trials can be 
shortened (< 160) and still maintain therapeutic efficacy, nor if increased training trials 
within a single session produces greater effects.  Such information would provide 
preliminary data on the parameters of attention training protocols and aid in determining 
the optimal delivery of such treatments.  Additionally, further examining the longitudinal 
effects of a dose-response relationship with regards to the number of training trials on 
attentional biases in addition to symptom severity will better inform interventions and 
continue to highlight specific mechanisms of change.   
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Lastly, few studies have looked at the influence of systematic change in one 
cognitive bias on another (e.g. Amir, Bomyea, & Beard, 2010).  Amir and colleagues 
(2010) found a causal relation between interpretive bias training on attention bias to 
threat, where anxious individuals that were trained to interpret ambiguous information 
with a benign interpretation showed an improved ability to disengage their attention away 
from threatening information.  In another study, White and colleagues (2011) examined 
the effects of attention training toward threat on interpretation biases.  Results suggested 
a direct relation between attention and interpetation biases where attention toward threat 
was associated with an increase in negative intepretation biases.  There is a relationship 
between these two types of cognitive biases; however, it remains uncertain if shifting 
attention bias away from threat is associated with changes in interpretation biases.  
Examining this relationship will help understand how one cognitive bias affects the other 
and further determine the parameters for combined attention and interpretation training 
treatments (Beard, Weisberg, & Amir, 2011).          
Present Study  
 Thus, the goal of the present study is to elaborate on previous literature by 
examining specficities of a dose-response effect of AMT, as well as to examine long term 
effectiveness of such training.  This study is divided into two phases.  Phase 1 examined 
the effects of the number of training trials on attention bias, anxiety response to a 
stressor, social anxiety, depressive symptoms, and interpretation biases, following a 
single-session AMT program for participants with high levels of social anxiety.  
Secondly, Phase 1 examined whether there exists a lower boundary for efficacy of AMT 
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sessions (i.e., lower than the range of 160 training trials) that can produce significant 
differences on anxiety symptoms and attention bias.  
Phase 2 examined the long-term effectiveness of a dose-response relationship in a 
single-session attention training on attentional biases, mood symtpoms, and interpretation 
biases at one-week and one-month follow-up to further determine the maintenance of 
change across AMT training session sizes. 
 
Method  
Participants  
 Participants were undergraduate students recruited from General Psychology 
classes at a large northeastern university.  During the fall and spring semesters, 2,644 
students participated in prescreening.  Of these, 655 (24.8%) undergraduates scored in the 
upper quartile (greater than or equal to a score of 15) on a measure of social anxiety (see 
below subsection for details) and were eligible to participate in this study.  Of the eligible 
undergraduates who were invited to participate, 86 people attended experimental 
sessions.   
 Participants were consented and informed of the experimental procedures at each 
of three assessments, including follow up sessions at one week and one month after the 
initial session.  Participants received experimental credits, a requirement for introductory 
psychology classes, for participation in the first two sessions, and were compensated with 
$20 gift certificates to Starbucks, Barnes & Nobles, or the University Co-Op store for 
attending both follow up sessions.  During the initial experimental session participants 
completed self-report measures of social anxiety, state anxiety, depression, and cognitive 
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processing.  In order to reduce confounding effects, participants who reported severe 
depressive symptoms (see below subsection for details) were excluded from this study.  
Based on this criterion, four participants were excluded from analyses, resulting in a total 
of 82 participants for this study.   
 Of the 82 participants who were retained, 59 (72%) were female and 23 (28%) 
were male with a mean age of 19.30 (SD = 3.14).  There were two outliers (females; 35 & 
40-years-old) at greater than two standard deviations above the average age; however, 
participants’ data on baseline outcome measures were comparable to the whole sample, 
therefore this data was retained.  Self-identified ethnicity included 55 (67.1%) European 
American, 16 (19.5%) Asian American, 6 (7.3%) African American, 4 (4.9%) Hispanic 
American/Latino/a, and 1 (< 1%) identified as biracial.  Additionally, 17 (20.7%) 
participants reported that they were diagnosed with either anxiety or depression.  About 
18% reported that they were receiving treatment for anxiety and depression, including 9 
(11%) who were taking medication and 6 (7%) who were receiving psychotherapy 
services.  Lastly, 6 (7%) participants reported minor head injuries due to sport related 
incidents, including mild concussion. 
Measures 
 Prescreening.  The Fear Questionnaire, Social Phobia Scale (FQ-SP; Marks & 
Matthews, 1979) was utilized as a prescreening measure.  This scale consists of five 
items that measure symptoms of social anxiety (e.g. “speaking or acting to an audience”) 
on a nine-point Likert scale (0 = “would not avoid it” and 8 = “always avoid it”) by 
assessing avoidance of performance or social tasks.  Scores are summed to provide a total 
score with higher scores indicating greater symptoms of avoidance and social anxiety.  In 
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a clinical population, the FQ-SP demonstrated moderate internal consistency (Cronbach’s 
α = .74) and good discriminant validity differentiating socially anxious patients from 
those with other anxiety disorders, including generalized anxiety, panic disorder, and 
agoraphobia (Oei, Moylan, & Evans, 1991).  In this clinical sample, participants’ scores 
ranged from 6 to 35 with a mean of 21.40 for females and 15.94 for males, which was not 
statistically significant.  Additionally, psychometric properties have been examined on a 
non-clinical undergraduate college sample.  The FQ-SP demonstrated good convergent 
and divergent validity; scores were correlated with measures assessing social avoidance 
and distress, and were not correlated with measures assessing symptoms related to other 
phobias, including blood/injury (Osman, Barrios, Osman, & Markway, 1993).  For the 
current sample, internal consistency was adequate (Cronbach's α = .67). 
 Demographic Information.  A demographic questionnaire was created to collect 
information, including age, gender, race, and ethnicity.  Participants were also instructed 
to provide information about psychiatric diagnoses and treatment information, including, 
psychopharmacological and psychotherapeutic.  As part of their medical history 
participants were asked to provide information on past head trauma (e.g., “Have you ever 
suffered a head trauma?”) and hospitalizations (e.g., “Were you ever hospitalized as a 
result of a head trauma?”).    
Depression symptoms.  The Beck Depression Inventory-II (BDI-II; Beck, Steer, 
& Brown, 1996) was used to measure depressive symptoms and to screen for participants 
with severe depression (score of 30 or above) for this study.  The BDI-II consists of 21 
items that measure cognitive, affective, and somatic symptoms of depression over the 
past two weeks on a four-point Likert scale.  Scores range from 0 to 63 with higher scores 
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indicating the presence of greater depressive symptoms; scores at or above 30 
demonstrate “severe” depressive symptoms (Whisman, Perez, & Ramel, 2000).  High 
internal consistency (Cronbach's α = .93 within a sample of college students), test-retest 
reliability (r = 0.96 within a sample of college students; Sprinkle et al., 2002), and 
validity (Beck et al., 1996; Whisman et al., 2000) have been established for this measure.  
Internal consistency for the current sample was adequate (Cronbach's α = .79).   
 Social anxiety symptoms.  The LSAS (Liebowitz, 1987) is a well-validated 
(Fresco, Coles, Heimberg, Liebowitiz, Hami, et al, 2001) self-report measure that is used 
to assess the severity of social anxiety symptoms and changes in symptoms over the 
course of treatment.  The LSAS is a 24-item scale that measures fear and avoidance of 
social situations over the past week.  It consists of 11 items related to social interaction 
and 13 items related to public performance.  Each item is rated on two four-point Likert 
scales assessing for both fear (0 = “none” to 3 = “severe”) and avoidance (0 = “never 
0%” to 3 = “usually 67-100%”) of the situation.  Excellent internal consistency 
(Cronbach's α = .96 for total LSAS score; Cronbach's α = .92 for Fear or Anxiety 
subscale, Cronbach's α = .92 for Avoidance subscale) has been demonstrated (e.g., 
Heimberg, Horner, Juster, Safren, Brown et al., 1999) and good convergent validity with 
measures of social anxiety (i.e., Social Interaction Anxiety Scale) and discriminant 
validity with measures of depression (i.e., Beck Depression Inventory).  Internal 
consistency for the current sample for total LSAS was also good (Cronbach's α = .93).  
Lastly, good test-retest reliability (Baker, Heinrichs, Kim, & Hofmann, 2002) was 
demonstrated for the total LSAS score (r = .83), Fear or Anxiety subscale (r = .79) and 
Avoidance subscale (r = .80). 
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 State anxiety symptoms.  The third self-report measure assesses state anxiety 
and is the STAI –S (Spielberger, Gorsuch, Luschene, Vagg, & Jacobs, 1983), a 20-item 
measure where participants rate statements about their state anxiety on a four-point Likert 
scale ranging from 1 = "almost never" to 4 = "almost always."  Higher scores indicate 
greater state anxiety.  The STAI-S presents statements such as “I feel at ease” and “I feel 
upset.”  This measure of anxiety symptoms demonstrates adequate internal consistency 
(Cronbach's α = .87).  Internal consistency for the current sample was good (Cronbahch’s 
α = .90).  Additionally, test retest reliability for state anxiety has been examined in 
intervals from 1 hr to 104 days (Spielberger et al., 1983) and demonstrated coefficients 
ranging from .16 to .62.  Low-level test retest reliability coefficients are expected for the 
STAI-S as it reflects affect that is influenced by the current situation.  
Interpretation bias.  The Ambiguous Situation Questionnaire (ASQ) was utilized 
to assess cognitive interpretation biases (Creswell, O’Connor, & Brewin, 2006).  This 
measure consists of 12 ambiguous situations (e.g., “Not long after starting a new job your 
boss asks to see you”) and participants are to choose either non-threatening responses 
(e.g., “She/he wants to make sure you have settled in alright”) or a threatening response 
(e.g., “You haven’t been doing your job properly”) that most resembles what they think is 
happening in the situation.  Response categories were counter-balanced in presentation 
across the items.  The number of threatening responses are summed from the forced 
choice responses across the 12 situations.  Internal consistency for the current sample was 
adequate (Cronbach's α = .67).  
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Tasks  
 This study consists of three tasks: an attention training task, an attention bias 
assessment task, and a speech task.  The experimental materials for assessing and 
manipulating attentional biases are similar in nature to the methodology utilized in recent 
studies examining Attention Modification Programs using the probe detection task (e.g., 
Amir et al., 2008; MacLeod et al., 2002).  The attention training and attention bias tasks 
are presented to participants via a computerized program.  Programming for this 
computer task was conducted using Experimenter’s Prime (E-Prime; Psychology 
Software Tools, Inc., Sharpsburg, PA), a software suite of applications that allows for the 
creation of computerized behavioral research (see Appendix A for computer task 
instructions).  
  Attention modification training task (AMT).  The probe detection task used to 
train attention is a variation of the original task used by MacLeod and colleagues (2002), 
and similar to more recent studies by Amir and colleagues (2008, 2009b).  This training 
task displays a set of eight faces (four male, four female) from Radboud Face Database 
(Langer, Dotsch, Bijlstra, Wigbodus, Hawk et al, 2010) that present social disgust and 
neutral expressions; these emotional faces have been validated and used for emotional 
and cognitive research.  Previous research suggests that socially anxious individuals rate 
social disgust expressions as more negative and anxiety provoking than angry or 
frightened expressions; therefore, this emotion was used for the training task (Yoon & 
Zinbarg, 2007).   
Each probe detection trial began with a fixation cross presented in the center of 
the monitor for 1000 milliseconds (ms).  Immediately following the fixation cue, the 
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computer presented two faces of the same individual against a white background, one 
face on top and one on the bottom, separated by 1.5 cm between the bottom of the top 
image and the top of the bottom image.  Both faces were centered horizontally.  After the 
presentation of the faces for 500 ms, a probe (either the letter E or the letter F) appeared 
in the location of one of the two faces.  Participants were instructed to decide whether the 
letter E or F was presented by pressing the corresponding button on the keyboard.  In 
other words, this task required participants to determine both the location and the type of 
probe after the presented stimuli.  The probe remained on the screen for 500 ms or until 
the participant responded, after which the next trial began.  Inter-trial intervals were set at 
750 ms.  The AMT presented trials comprised of various combinations of probe type (E 
or F), probe position (top or bottom), face type (neutral or disgust), and gender (male or 
female).  Of the number of trials, 80% were critical trials (negative – neutral face pairs) 
and 20% were filler trials (neutral – neutral pairs).  Trials were presented in a new 
random order to each participant.  
Attention modification groups (AMT dosages).  Participants were randomized to 
one of three experimental attention modification groups.  All experimental groups were 
presented with training trials wherein the probe always replaced the neutral face.  To 
examine the relation between number of training trials and outcome measures, small, 
medium, and large “dosages” of the attention modification were delivered to each of the 
three experimental groups.  Dosages were determined by examining attention 
modification training procedures in the literature and via personal communication with 
several authors.  As 160 trials has been the lowest number of attention modification 
training trials examined in the reviewed literature, the smallest dosage was determined to 
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be half of that, or 80 training trials (low dose).  The lowest effective dosage in the 
reviewed literature was chosen as the medium dose, (e.g., 160 training trials).  The high 
dose was determined by increasing the trials by a total of 80 to maintain a uniformity in 
increases (e.g., 240 training trials), which reflects a higher dosage of training trials in the 
literature.   
 Attention control group.  Participants randomized to the control group received 
training trials wherein the probe appeared with equal frequency in the position of the 
social disgust or neutral face.  Participants in the control group were presented with 240 
trials to match the high dose of attention training.  
Attention bias assessment task.  The attention bias assessment task was used as 
an independent measure of attention bias.  This task consisted of 192 different words that 
formed 96 word pairs differing in emotional valence (threatening or neutral words).  
Word pairs were used from the original attention manipulation study by MacLeod and 
colleagues (2002).  The attention bias assessment task was similar in procedures to the 
attention modification training task, except that faces were replaced with words.  
Participants’ attention bias was assessed at pre and post AMT, and at two follow up time 
points after the training.  In each assessment 48 trials were presented in random order 
(probe type: E or F; probe position: top or bottom; word type: neutral or negative).  
Participants were presented with 48 critical trials (threat-neutral words).  Word pairs were 
presented randomly for each participant, and counterbalanced for position as well as 
probe location.  The RTs, measured in ms, to probes near threatening words and probes 
near neutral words were averaged across the assessment task. 
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 Inaccurate trials were eliminated from analyses; in other words, trials where the 
probe was inaccurately identified were not included in assessing attention biases.  At each 
time point less than or equal to 3% of trials across all participants were eliminated (i.e., at 
pre assessment 139 inaccurate trials were eliminated from a total of 4080 trials; at post 
assessment 106 inaccurate trials were eliminated from a total of 4080 trials; at one-week 
follow up 123 inaccurate trials were eliminated from a total of 3984 trials; and at one-
month follow up 114 trials were eliminated from a total of 3456 trials).  Additionally, in 
order to eliminate outliers, RTs greater than or equal to 1500 ms and less than or equal to 
200 ms were eliminated at all time points.  Less than 1% of trials were not included at 
each time point (i.e., at pre assessment two trials were eliminated; at post assessment one 
trial was eliminated; at one-week follow up three trials were eliminated; and at one-
month follow up two were eliminated; these trials were eliminated for having RTs greater 
than 1500 ms and none were eliminated for being less than 200 ms).  
 Speech task.  The behavioral assessment consisted of a speech task, where 
participants prepared and delivered a five-minute speech while being recorded by a video 
camera.  For the speech task, participants chose one of five topics to present (i.e., raising 
tuition for college; drinking on campus; raising the driving age; the health care bill; and 
gun control).  Following a two-minute preparation period, participants delivered their 
speech facing the camera for five minutes.  In addition, participants were told that they 
would be stopped each minute to rate how well they think they are doing on delivering 
the speech (0 = Not well to 8 = Excellent) and how anxious they feel (0 = Not at all 
anxious to 8 = Extremely anxious) on an eight-point Likert scale (see Appendix B for 
speech task instructions).  If participants ceased talking for 20 consecutive seconds, they 
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were prompted by the researcher with a question (i.e., “How important is this topic to 
you?).  Following the first prompt, participants were given a second prompt (i.e., “What 
was it like for you to come up with a speech task about this topic?”) if they stopped 
talking for another 20 seconds.  After the second prompt if participants ceased talking for 
another 20 seconds the speech task was stopped. 
Procedure 
All procedures for this study were reviewed and approved by the University of 
Connecticut Institutional Review Board.  Participants were consented and informed about 
the two phases of this study.  Phase 1 was Time 1 (initial session) and Phase 2 consisted 
of two follow up time points - Time 2 (one-week follow up) and Time 3 (one-month 
follow up). 
Phase 1.  Following consent at the Time 1 experimental session each participant 
was provided with instructions to complete a packet of measures that included the 
demographic questionnaire, STAI-S, BDI- II, LSAS, and ASQ.  Measures were presented 
in this order.  Participants were next presented with the Attention Bias Assessment Task 
in order to provide a baseline index of attentional bias.  While participants were 
completing this task, the experimenter scored the BDI-II to exclude participants who 
scored a 30 or above, indicating severe depression.  Eighty-two participants were 
randomized to the AMT dosage groups, including 21 to the low dose, 20 to the medium 
dose, and 22 to the high dose.  Nineteen participants were randomized to the attention 
control group.  After completing the AMT session, participants were given a five-minute 
break and were then asked to complete a second Attention Bias Assessment Task to 
examine the impact of the attention training on attention bias.  Participants then 
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completed the speech task and a second packet of measures (STAI-S, BDI- II, LSAS, and 
ASQ).  At the end of the experimental session participants scheduled two follow-up 
appointments.  Follow up email reminders were sent to participants before each session; 
one week and one day before the one-week follow up and one month and one day before 
the one-month follow up.  
Phase 2.  For the second part of this study, participants were asked to participate 
in two follow up sessions completed at one week (Time 2) and one month (Time 3) after 
the initial session.  The average length of time between Time 1 and Time 2 was 8 days 
(Range: 4 to 22 days), approximately one week.  The average length of time between 
Time 1 and Time 3 was 36 days (Range: 27 to 56 days), approximately one month.  
During each of the two follow-up assessments, participants completed a follow up 
Attention Bias Assessment Task, then the speech task.  For the follow up speech task 
participants chose a different topic than the one completed in prior sessions.  Lastly, 
participants completed one packet of measures (STAI-S, BDI- II, LSAS, and ASQ) 
following the speech task.  After the third time point participants completed all study 
procedures and experimenters answered any questions participants had about the study.  
Eighty participants completed Time 2 and 70 participants completed Time 3 (Figure 1). 
Data Analytic Plan 
 Phase 1. One-way ANOVAs and T-tests were used to examine descriptive 
statistics for this study, including age, gender, and ethnicity. A one-way analysis of 
variance (ANOVA) was used to examine significant differences at pre-training in terms 
of outcome measures between groups.     
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 In order to assess baseline attentional biases for scores on the whole sample, a 
pairwise t-test was conducted comparing mean probe detection latencies in which the 
probe replaced the negative word and mean probe detection latencies in which the probe 
replaced the neutral word. Additionally, comparing mean probe detection latencies was 
conducted across groups at pre-training to ensure homogeneity.  
 To examine differences in attention bias, mood, and interpretation bias across the 
four groups a 4 (Groups: high, medium, and low dose, control group) x 2 (Time: pre-
training to post-training) repeated measures multivariate analysis of variance 
(MANOVA) was conducted.  Such analyses also accounted for differences in change 
between the three attention modification groups (high, medium, and low dose) to 
determine the effects of the number of training trials on attention bias and anxiety. 
Similar analyses were conducted for changes in reported anxiety and coping symptoms 
during the speech task. 
Phase 2. To examine longitudinal effects and the maintenance of change in 
attention biases, mood, and interpretation bias over time, a 4 (Groups: high, medium, and 
low dose, control group) x 4 (Time: pre-training, post-training, one-week, and one-month 
follow up) repeated measures MANOVA was conducted.  Similar analyses were 
conducted for changes in reported anxiety and coping symptoms during the speech task. 
Lastly, Hierarchical Linear Modeling (HLM) with Group as the between-subjects factor 
and Time as within-subjects factors was conducted to further analyze significant 
longitudinal outcomes.     
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Results 
Descriptive Statistics  
Initial analyses examined Time 1 data for the whole sample (Table 1).  Results of 
MANOVA indicated a trend toward gender differences in multiple dependent variables 
(F(5, 74) = 2.09, p = .08).  Follow-up analyses of variance (ANOVAs) suggested gender 
differences on LSAS total score (F(1, 79) = 8.75, p < .01), LSAS Avoidance scale  (F(1, 
79) = 5.62, p < .01), LSAS Fear or Anxiety scale (F(1, 79) = 10.38, p < .01), and BDI 
score (F(1, 79) = 8.75, p < .01), where females compared to males reported greater social 
anxiety and depressive symptoms.  With regards to the four randomized groups, there 
were no gender, ethnic, or age differences (chi-square or t-tests, p values > .05).  
Additionally, there were no differences on baseline measures between the four groups 
(Table 2).    
In order to assess Time 1 attention bias for the entire sample, a pairwise t-test was 
conducted comparing mean probe detection latencies based on probe type (negative vs. 
neutral, Table 3).  Analysis suggested that at baseline there was no difference between 
RTs for negative compared to neutral words (t (81) = 1.37, p = .18).  Additionally, an 
ANOVA was conducted in order to compare mean probe detection latencies across 
groups to ensure that there were no differences across groups for RTs for either negative 
(F(3, 78)= .54, p = .66) or neutral words (F(3, 78)= .07, p = .98). This comparison was 
not significant (p > .05). 
Phase 1 (see Appendix C for results)  
To assess for differences in attention, mood, and information processing biases, a 
series of 4 (Group) X 2 (Time) repeated-measures MANOVAs and multivariate analyses 
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of covariates (MANCOVAs; controlling for gender differences on social anxiety and 
depressive symptoms) were conducted.  Intercorrelations of the dependent variables at 
Time 1 were conducted to ensure that ratings of state anxiety, social anxiety, depression, 
and interpretation biases were not too highly correlated to significantly impact analyses 
(Table 4).  Results indicate a moderate correlation between the BDI, LSAS, ASQ, and 
STAI at Time 1 across all participants.  Subscales of the LSAS were highly correlated 
with one another; therefore, for the purposes of these analyses the LSAS total score was 
utilized to examine change in symptoms of social anxiety.  Additionally, the assumptions 
of normality and homogeneity of variances were assessed and met for all measures.   
Effect of AMT on attention bias (Table 3).  For all three attention modification 
groups and control group, probe detection accuracy was 97% or greater.  To examine 
potential change in attention bias as a result of attention modification training, pre to post 
training change in reaction time in response to neutral (Figure 2) and negative (Figure 3) 
words was evaluated with a 4 (Group) X 2 (Time) repeated measures MANOVA.  
Results indicated a main effect for time, wherein post-training reaction time for both 
neutral and negative words was significantly quicker compared to their pre-training 
reaction time (Appendix C.1: Wilks’ Λ = .78, F(2, 77) = 10.68, p < .001, ŋp2 = .22).  
There was no significant difference between groups or change in reaction time across 
groups for word type (Wilks’ Λ = .96, F(6, 154) = .53, p = .79, ŋp2 = .02).  Compared to 
negative words (F(3,78) = .07, p = .97, ŋp2 < .005), it appears that there was more of a 
trend toward group differences for changes in RT for neutral words (F(3,78) = .51, p = 
.67, ŋp2 = .02).  To further examine the difference in change in RT for neutral words 
between groups, an ANCOVA (see Appendix C.2.) was conducted by investigating the 
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difference between pre- and post-training RTs for neutral words while controlling for the 
difference between pre- and post-training RTs for negative words.  Figure 4 indicated a 
greater attentional shift toward neutral stimuli for participants in the high and medium 
dosage groups, where participants in the high (M = 41.06, SD = 8.73) and medium dose 
groups (M = 42.46, SD = 9.15) had a greater change in RT compared to participants in 
the low dose (M = 28.65, SD =8.93) and control groups (M = 24.15, SD = 9.39).  Fisher’s 
LSD post hoc mean comparison indicated a trend toward significantly faster RTs for 
neutral words between high (p = .19) and medium (p = .17) dose groups compared to the 
control group.  
Effect of AMT on mood and information processing bias (Table 5).  Repeated 
measures ANOVA was conducted to assess change in state anxiety across the four groups 
after participating in the speech task (Figure 5).  Results indicated that there was a 
significant main effect for state anxiety (STAI), where participants in all groups reported 
greater state anxiety after completing the speech task (Appendix C.3.1. State Anxiety; 
F(1, 78) = 59.81, p < .0005, ŋp2 = .43).  Additionally, there was a trend interaction effect 
between pre-post time and AMT groups (F(3, 78) = 2.61, p = .058, ŋp2 = .09).  Follow-up 
one-way ANOVAs were conducted to further compare change in state anxiety across 
groups.  Results indicated that participants in the low dose (F(1, 41) = 5.65, p = .02, ŋp2 = 
.12) and control group (F(1, 39) = 4.35, p = .04, ŋp2 = .10) reported significantly greater 
state anxiety after the speech task compared to participants in the high dose group.  
Additionally, results indicated a similar trend and a significant difference between 
participants’ state anxiety for low dose (F(1, 41) = 4.03, p = .05, ŋp2 = .09) and control 
(F(1, 37) = 2.50, p = .12, ŋp2 = .06) groups compared to participants in the medium dose 
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group.  Lastly, there was no difference between high and medium dose groups (F(1, 40) = 
.06, p = .81, ŋp2 < .005) as well as low dose and control groups (F(1, 38) = .05, p = .83, 
ŋp
2 <.005).  
As for change in social anxiety (LSAS; Figure 6) across groups, results indicated 
that there was no change in social anxiety after the speech task (Appendix C.3.2. Social 
Anxiety; F(1, 76) = .68, p = .41, ŋp2 = .01). Additionally, there were no AMT group (F(3, 
76) = .53, p = .67, ŋp2 = .02) or gender (F(1, 76)=.03, p =.86, ŋp2 < .005) differences for 
social anxiety.  Figure 7 shows that there was no change in depressive symptoms 
(Appendix C.3.3. Depressive Symptoms; F(1, 76) = 2.71, p = .10, ŋp2 = .03) after 
engaging in the speech task and no difference in depressive symptoms based on AMT 
group (F(3, 76) = .28, p = .84, ŋp2 = .01) or gender (F(1, 76) = 1.03, p = .31, ŋp2 = .01).  
As for change in interpretation bias (Figure 8), there was a significant main effect 
for time, where participants reported greater negative interpretation biases after engaging 
in the speech task (Appendix C.3.4. Interpretation Bias; F(1, 78) = 12.23, p = .001, ŋp2 = 
.14).  However, results indicated no time and AMT group interaction in interpretation 
bias (F(3, 78) = .20, p = .99, ŋp2 = .01).  
Effect of AMT on anxiety and coping within a stressful task (Table 6).  During 
the 5-minute speech task, participants were asked to rate how anxious they were feeling 
(i.e., anxiety) and how well they thought they were doing on the task (i.e., coping) at each 
minute.  The average rating across all 5 minutes was calculated for each participant to 
assess both anxiety and coping level during the speech task.  On average participants 
across groups reported feeling “definitely anxious” (M = 4.55; SD = 2.08) throughout the 
speech task and performing “slightly well” (M = 2.32; SD = 1.55).  Pearson's correlation 
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coefficient indicated that ratings on anxiety and coping were negatively correlated (N = 
82, r = -.57, p < .001), suggesting that greater levels of anxiety during the speech task 
were associated with lower levels of coping ratings.  Chi-square tests indicated that there 
were no differences in topic choice (N = 82, χ2 = 11.86, df  = 12, p = .46) and length of 
speech across groups (N = 82, χ2 = 9.41, df = 9, p = .40).  To assess for group differences 
on anxiety and coping one-way ANOVAs were conducted.  No significant differences 
were noted between groups for anxiety ratings (Appendix C.4. Anxiety Ratings; F(3, 78) 
= 1.60, p = .20, ŋp2 = .06) or coping ratings (Appendix C.4. Coping Ratings; F(3, 78) = 
.46, p = .71, ŋp2  = .02).  However, upon examination of mean plots for anxiety ratings, 
high and medium dose groups seemed to report less anxiety compared to low dose and 
control groups during the speech task (Figure 9).  Additionally, the high dose group 
seemed to report greater coping ratings compared to all other groups (Figure 10).   
Phase 2 (see Appendix D for results). 
 Prior to conducting longitudinal analyses, chi-square tests and ANOVAs were 
conducted to examine baseline differences for completer (N =70) versus non-completer 
(N =12) status.  Results indicated that there were no differences based on ethnicity (N = 
82, χ2 = 9.29, df = 6, p = .16), gender (N = 82, χ2 = .07, df = 1, p = .80), or age (F(1, 80) 
= .03, p = .87).  Additionally, non-completers were equally represented in each of the 
four groups (N = 82, χ2 = 2.94, df = 3, p = .40).  Lastly, there were no differences 
between completers and non-completers on outcome measures (Table 7): state anxiety 
(F(1, 80) = 3.64, p = .06); depressive symptoms (F(1, 80) = 2.20, p = .14); social anxiety 
(F(1, 80) = 1.18, p = .29); information processing bias (F(1, 80) = .10, p = .75). 
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 To examine longitudinal maintenance AMT and dosage group differences at one- 
week and one-month follow up, 4 (Group) X 4 (Time) repeated measures ANOVAs and 
ANCOVAs were first conducted.  Similarly to Phase 1, assumptions were examined and 
met for all measures, except for the assumption of sphericity; therefore, the Greenhouse-
Geisser correction statistic was utilized to interpret univariate analyses.  Follow up HLM 
was utilized on significant outcome measures to further examine maintained change and 
group differences over time.    
 Maintenance of attention bias at one-week and one-month follow up (Table 
8).  Repeated measures 4 (Group) X 4 (Time) MANOVA was conducted for RT for both 
neutral (Figure 11) and negative words (Figure 12).  Results indicated a significant main 
effect for time for both probe types (Appendix D.1. Attention Bias; Wilks’ Λ=.72, F(6, 
388) = 11.64, p < .0005, ŋp2 = .15).  Post hoc Bonferroni pairwise comparisons of this 
main effect indicated that for both negative and neutral words the greatest decrease in 
reaction time occurred between pre and post AMT  (p < .01) and from post to one-week 
follow up (p < .01).  There was no significant change from one-week to one-month 
follow up, indicating maintenance in decreased reaction time (p > .05).  There were no 
group differences across time for either negative or neutral words (Wilks’ Λ=.95, F(18, 
388) = .55, p = .93, ŋp2 =.03).  Pairwise t-tests were conducted for RTs between negative 
and neutral words for one-week and one-month follow up to assess whether there was a 
difference in RT for different stimuli.  Results indicated that at one-month follow-up 
there was a significant difference between negative and neutral words (t (68) = 2.09, p < 
.05), where RTs were quicker for neutral (M = 473.74 ms, SD = 50.64 ms) compared to 
negative words (M = 479.90 ms, SD = 51.94 ms).  To further examine RTs at one-month 
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follow up, differences between RTs for negative and neutral words (i.e., RTnegative word - 
RTneutral word) were calculated and examined across groups (Figure 13).  While results 
indicated no significant group differences (F(3, 68) = 1.57, p = .21), results suggested 
that all three-dosage groups (High: M = 4.13, SD = 23.79; Medium: M = 15.63, SD = 
25.28; Low: M = 4.80, SD = 23.63) had quicker RTs for neutral words compared to 
participants in the control group (M = -1.45, SD = 23.57).  These results suggested a 
maintained shift toward neutral stimuli and away from negative stimuli for participants in 
the active AMT groups.  
   Maintenance of mood and information processing at one-week and one-
month follow-up (Table 9).  Four (Group) X 4 (Time) repeated-measures ANOVA 
(Figure 14) indicated that there was a significant difference in state anxiety across time 
(Appendix D.2.1. State Anxiety: Greenhouse-Geisser corrected F(2.77, 183.07)=23.21, p 
<.0005, ŋp2  = .26) and differences based on AMT groups (F(8.32, 183.07) = 3.39, p = 
.001, ŋp2 = .13).  As for change across time, post hoc Bonferonni pairwise comparisons 
indicated a significant decrease in anxiety at one-week follow up compared to 
posttreatment (p < .0005) and a maintenance in decreased anxiety at one-month follow up 
compared to one-week follow up (p < .0005).  Additionally, there was a significant group 
difference at one-month follow up where participants in the high and medium dosage 
groups reported significantly less state anxiety compared to the control group: 
Participants in the high dosage group had an average mean state anxiety score 9.01 points 
below participants in the control group (t (70) = -2.93, p = .005).  For participants in the 
medium dosage group state anxiety was an average of 11.32 points less than participants 
in the control group (t (70) = -3.69, p < .001).  Lastly, participants who received a low 
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dose reported an average state anxiety of 6.25 points less than participants in the control 
group, which trended toward significance (t (70) = -1.95; p = .06).  
 A 4 (Group) X 4 (Time) repeated measures ANCOVA (Figure 15), controlling for 
gender differences, indicated that there was not a significant main effect for time on 
depressive symptoms (Appendix D.2.2. Depressive Symptoms; Greenhouse-Geisser 
corrected F(2.32, 146.14) = 2.92, p = .49, ŋp2 = .04) and but there were differences for 
AMT dosage groups across time (F(6.96, 146.14) = 2.45, p = .021, ŋp2 = .10).  As for 
change across time, post hoc Bonferonni pairwise comparisons indicated that there was a 
significant decrease in depressive symptoms at one-month follow up (p = .005) compared 
to post-training depending on group type.  For example, at one-month follow up there 
were trending group differences for participants in the high and medium dosage groups 
compared to participants in the control group: Depressive symptoms for participants in 
the high dosage group were 3.58 less compared to participants in the control group (t (68) 
= -1.67, p = .10).  For participants in the medium dosage group depressive symptoms 
were 3.78 less compared to participants in the control group (t (68) = -1.80, p = .08).   
 As for change in social anxiety (LSAS), 4 (Group) X 4 (Time) repeated-measures 
ANCOVA (Figure 16), controlling for gender, indicated that there was no significant 
change across time (Appendix D.2.3. Social Anxiety; Greenhouse-Geisser corrected, 
F(2.01, 26.62) = .23, p = .80, ŋp2 = .004) and there was no group differences across time 
(F(6.04, 112.57) = .97, p = .45, ŋp2 = .05). For information processing bias (ASQ; Figure 
17), results indicated a main effect for time (Appendix D.2.4. Interpretation Bias; 
Greenhouse-Geisser corrected F(2.55, 168.12 ) = 5.55, p = .002, ŋp2 = ..08); however, no 
group differences across time were indicated (F(7.64, 168.12) = .48, p = .88, ŋp2 = .02).  
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As for change across time, post hoc Bonferonni pairwise comparisons indicate that there 
was a significant decrease in interpretation bias at one-week follow up compared to 
posttreatment (p  < .005) and a maintenance in decreased bias at one-month follow up 
across groups compared to one-week follow up (p < .003).   
 Maintenance of anxiety and coping change within a stressful task (Table 10).  
A 4 (Group) X 3 (Time) repeated-measures ANOVA (Figure 18) was conducted to assess 
for change in reported anxiety and coping ability during the speech task across time.  
Results indicated that there was a significant main effect for change across time on 
anxiety, (Appendix D.3.1. Reported Anxiety; Greenhouse-Geisser corrected F(1.92, 
126.96) = 27.71, p < .0005, ŋp2 = .30), where participants' anxiety during the speech task 
decreased at both follow up time points.  Post hoc comparisons using the Bonferroni 
correction indicated that reported anxiety significantly (p < .01) decreased from Time 1 
(M = 4.47, SD = .25) to Time 2 (M = 3.12, SD = .22) and remained low (p <.05) at Time 
3 (M = 3.41, SD = .24).  There were significant differences between AMT groups across 
time (F(5.77,126.96) = 3.05, p = .01, ŋp2 = .12).  Post hoc comparisons indicated that 
reported anxiety for participants in the medium dosage group was 1.79 anxiety points 
lower than participants in the control group (t (70) = -2.59, p = .01).  Post hoc 
comparisons further indicated that at one-month follow up participants in the medium 
dosage group also reported significantly less anxiety compared to participants in the low 
dosage (p < .05) group. 
 As for reported coping ability throughout the speech task (Figure 19), results 
indicated that there was a significant main effect for time (Appendix D.3.2. Reported 
Coping Ability; Greenhouse-Geisser corrected F(1.91, 124.33) = 14.74, p = <.001, ŋp2 
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=.19), where participants reported an increase in coping ability at one-week follow up 
compared to posttreatment (p <.01) and maintained ability at one-month follow up 
compared to one-week follow up (p <.01).  There was no significant differences between 
groups across time (F(5.74,124.33) = 1.32, p = .26, ŋp2  = .06).         
Hierarchical linear modeling (see Appendix E for results).  HLM was utilized to 
analyze a longitudinal model for individual change in state anxiety as a result of 
differences in AMT groups over time.  HLM was utilized due to the usefulness in 
analyzing repeated measures data and the possibility of using multilevel modeling while 
accounting for missing data due to attrition.  Additionally, multilevel modeling allows for 
a more stringent measure of systematic differences among participants, in which the 
repeated measure is nested (i.e. time), and can help explain a pattern of change in state 
anxiety as a result of AMT groups.  
 First the null model (Level 1) was examined that included no predictors or 
structured co-variance to address whether there was significant variability among 
participants’ state anxiety across time that would require further explanation.  This 
unconditional repeated measures model indicated that there was significant variability 
within groups with regards to state anxiety (Appendix E.1. State Anxiety; Wald Z = 8.62, 
p = .0005). The Wald Z statistic evaluates variance components that provide information 
about whether there is remaining variance to be explained by other variables.  Based on 
the Wald Z statistic there is variance that needs explaining. This unconditional model also 
suggests that time (Wald Z = 2.45, p = .01) accounts for some variance in state anxiety; 
however, there remains variability that may be explained by other variables. Therefore, a 
multilevel model was developed to explain this variability in intercepts within AMT 
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groups.  The unconditional model also suggested that there was a linear trend for state 
anxiety within groups over time (t (154.47)= 7.50, p < .0005).  Examination of means 
indicated a decline in state anxiety after engaging in the speech task (M = 56.43 with SD 
= 10.04, M = 51.63 with SD = 9.94, M = 50.43 with SD = 9.80 for post, one-week follow-
up, and one-month follow-up, respectively).   
 To explain between group variance across time a conditional model (Level 2) was 
examined with AMT group as a predictor.  Covariance structure was chosen for repeated 
effects and a first-order autoregressive matrix was utilized, indicating that the variability 
of state anxiety is homogeneous at each time point and that measurements of state anxiety 
closer to each other in time are more correlated with one another and as time is further 
apart measurements of state anxiety are less correlated.  This model indicates that both a 
linear effect of state anxiety over time (F (1, 117.33) = 30.43, p = .0005) and the 
interaction between this linear trend of state anxiety and group (F (1, 69.92) = 28.67, p < 
.0005) were significant predictors of individual state anxiety across time.  However, the 
effect of AMT group alone was not a predictor (F  (1, 78.99) = .58, p = 0.45). In other 
words the magnitude of linear change in state anxiety across time depended on the type 
of AMT group. Additionally, the model that included AMT group and the linear trend of 
state anxiety explained statistically significantly more variance than did the null model 
that included only the linear trend of state anxiety: A likelihood ratio chi-square (df = the 
difference between total number of parameters of the first and second models; i.e., 13-8 = 
5) indicated that the change in -2 restricted log likelihood of 34.27 (i.e., the difference of 
the first model's 2194.952 and the second model's 2160.684) was significant, p < 0.001, 
indicating a better fit model when AMT group as a predictor was added.   
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 A similar model was assessed for depressive symptoms as results from the 
previous repeated-measures ANCOVA indicated a significant main effect for time and a 
significant difference between groups across time.  The unconditional repeated-measures 
model indicated that there was significant variability in depressive symptoms (Appendix 
E.2. Depressive Symptoms; Wald Z = 10.92, p <.001) across time. Therefore, a 
multilevel model was developed to explain variability in intercepts within group variance.  
This unconditional model indicated that a linear model was not significant in determining 
the variability within groups (t (281.37)= -0.35 , p = 0.73).    
 To explain within variance across time a conditional model (Level 2) was 
examined with AMT group as a predictor.  A covariance structure was again chosen for 
repeated effects and a first-order autoregressive matrix was utilized, with the same 
assumptions as the previous model. This model indicated that within subject differences 
could be explained by group differences across time (F (1, 67.94) = 7.65, p = .01).  In 
other words AMT group was a significant predictor of individual depressive symptoms 
across time. The model that included AMT group and a linear trend of depressive 
symptoms explained statistically significantly more variance than did the null model that 
included only the linear trend of depressive symptoms: A likelihood ratio chi-square 
indicated that the change in -2 restricted log likelihood of 315.71 (df =5) was significant, 
p < 0.001, indicating a better fit model when AMT group as a predictor was added.   
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Discussion  
The purpose of this study was to examine the parameters of attention training for 
participants with high levels of social anxiety.  Specifically, this study was divided into 
two phases.  Phase 1 examined post training effects of the number of training trials on 
attention bias, anxiety response to a stressor, social anxiety, depressive symptoms, and 
interpretation biases, within a single-session AMT program.  Additionally, this study 
examined whether fewer training trials (< 160) produced significant differences on 
anxiety symptoms and attention bias.  The second phase of this study examined the long-
term effectiveness of a dose-response relationship in a single-session attention training on 
attentional biases, mood symptoms, and interpretation biases at one-week and one-month 
follow up to further determine the maintenance of change. Undergraduate participants 
were randomly assigned to the high dose (240 trials), medium dose (160 trials), low dose 
(80 trials), or the control group.  All participants completed baseline measures and an 
attention bias assessment task prior to engaging in the attention modification training.  
Immediately following the training, post measures were collected. Participants’ attention 
bias was assessed and following the speech task participants completed outcomes 
measures.  One week and one month after the first session participants’ attention bias was 
measured and outcome measures were collected following a speech task.  
Participants were screened utilizing the Fear Questionnaire to assess for high 
levels of social anxiety.  Baseline data indicated that the study sample reported an 
average of social anxiety symptoms on the Fear Questionnaire that is comparable to that 
reported by a clinical sample (Oei et al., 1991).  Additionally, the average reported state 
anxiety and social anxiety on outcome measures for the whole sample was comparable to 
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previous studies examining AMTs for social anxiety symptoms in undergraduate samples 
(i.e., Amir et al., 2008).  Overall, females indicated greater social anxiety and depressive 
symptoms compared to males, which is a common difference found in college samples 
(e.g., Russell & Shaw, 2009) suggesting that this study is representative of a community 
sample of college students with relatively higher levels social anxiety.  
Based on the attention bias literature for social phobia, it was hypothesized that 
participants in this study would demonstrate an attention bias toward threat based on high 
levels of social anxiety.  However, this study demonstrated that mean RT for neutral and 
negative words did not differ significantly, indicating that there was not an attention bias 
for this sample.  It may be that despite the attempt to recruit participants with high levels 
of social anxiety, this was a community sample and therefore participants were fairly 
healthy.  This may have impacted the sensitivity of finding differences in RT for neutral 
and negative words that exist in clinical samples.  Studies that have examined AMTs 
within community samples have inconsistently reported attention biases prior to 
participants engaging in the AMT (e.g., Amir et al., 2008; Klump & Amir, 2009; Li et al., 
2008).  For example, Amir and colleagues (2008) only reported significant change in 
attention from pre to post after participants engaged in the AMT.  Therefore, it remains 
uncertain whether pre RT to negative and neutral words differed significantly.  In one 
community study of undergraduate students with high levels of social anxiety, Li and 
colleagues (2008) reported the mean difference between RT for negative stimuli minus 
neutral stimuli prior to engaging in training and reported that overall the sample 
demonstrated a quicker reaction time to negative stimuli (i.e. mean negative RT – mean 
neutral RT = -15.58); however, this difference was not significant.  For the current study, 
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RT for negative words minus neutral words prior to training indicated that participants 
were slightly quicker at identifying neutral words compared to negative words (i.e. mean 
negative RT – mean neutral RT = 5.10); however, this difference was also not significant. 
Therefore, both studies demonstrated that there was not a statistically significant 
difference in RT between negative and neutral stimuli prior to training; however, when 
looking at mean differences the study by Li and colleagues suggested that participants 
demonstrated on average a quicker RT to negative stimuli where the present study 
demonstrated the opposite.  However, in another similar community sample of high 
school graduated students (See et al., 2009) the average difference in RT to negative 
words minus neutral words suggested that participants were quicker at detecting the 
probe when it replaced the neutral words compared to the negative words (i.e. mean 
negative RT – mean neutral RT = 16.0), which is similar to what the present study found 
prior to training.  Together, these studies suggest that perhaps there is variability in RT 
toward neutral versus negative words in community- based samples with high levels of 
anxiety.  Therefore, it may be that the lack of significant difference in pre RT between the 
two word types and the fact that participants demonstrated slightly quicker RT toward 
neutral words is not unique to this study.  Furthermore, these prior studies demonstrated 
that attention training reduced anxiety symptoms despite the lack of significant attention 
bias prior to training, similar to results from the current study.  
For Phase 1 of this study, the effect of different dosages of AMT on attention was 
examined at post-treatment. This study found that there was a decrease in RT for both 
negative and neutral words at post-treatment across groups.  When examining group 
differences in RT change at post-treatment for neutral and negative words, this study did 
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not find significant differences.  In order to examine this more closely, further analysis 
controlling for changes in negative words found that there was a greater difference in RT 
for pre and post neutral words for high and medium dosage groups compared to low 
dosage and control groups.  It is possible these results suggest that participants who 
received a greater dosage of AMT had a greater decrease in RT for neutral words 
compared to those who received a low dose of AMT or no treatment.  These results are 
important in understanding the parameters of AMTs as they indicate that at post-
treatment there is no difference between high and medium dosage groups, suggesting that 
160 trials is equally as efficacious in shifting attention compared to 240 trials.  
Furthermore, it appears that a low dose of 80 trials is not efficacious in shifting attention 
at post-treatment compared to the control group, indicating that 80 trials is not enough to 
produce change in attention biases immediately following treatment.  
At post-treatment the effects of different dosages of AMT on mood and 
interpretation biases indicated that there were significant group differences for reported 
state anxiety immediately following the speech task; however, there were no group 
differences for social anxiety symptoms, depressive symptoms, or interpretation biases.  
In general there was an increase in state anxiety after the speech task, indicating that all 
participants found this task to be stressful and it increased state anxiety symptoms as it 
was intended.  With regards to group differences at post-treatment, this study indicated 
that participants in the high and medium dosage groups reported significantly less state 
anxiety compared to participants in the low dose and control groups.  Furthermore, 
results indicated that there were no significant differences in state anxiety between the 
high and medium dose group or the low dose and control group.  Therefore, changes in 
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state anxiety based on dosage indicate that 160 trials is equally as efficacious as 240 trials 
in dampening the increase in state anxiety after a stressful task.  Additionally, a dose of 
80 trials was not potent enough to reduce state anxiety immediately following a stressful 
task.  These findings are important in understanding immediate effects of different 
dosages of AMTs indicating that at least 160 trials are needed to produce a significant 
change in mood lability following a stressor.   
With regards to a lack of change in social anxiety and depressive symptoms 
immediately following AMT, this finding is similar to other AMT studies where a change 
was only significant for state anxiety but not for trait anxiety (e.g., Amir et al., 2008; 
Klumpp & Amir, 2010).  Additionally, no change in depressive symptoms is to be 
expected as attention biases have been linked to anxiety and not depression (Cisler & 
Koster, 2010).  Therefore, this finding provides further evidence that threat attention 
biases are unique to anxiety symptoms.  Lastly, this is the first study to examine whether 
AMTs would produce change in interpretation biases.  Immediately following the AMT 
program there were no group differences, indicating that shifts in attention biases did not 
effect change in interpretation biases.  Interpretation biases related to anxiety symptoms 
may be more “trait” like as opposed to “state” like and therefore, changes in 
interpretation bias may require multiple sessions of attention training in order to produce 
significant change. White and colleagues (2011) did find participants who underwent 
training to manipulate attention bias toward threat displayed an increase in anxiety-
related interpretation biases; however, the total proportion of negative interpretation bias 
did not significantly differ between the training and non-training groups.  Therefore, 
while there are promising results indicating that these cognitive biases are interrelated, in 
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order to create significant change, the current study may suggest that changes in 
interpretation biases through attention training requires longer and more intensive 
training.  Despite the lack of group differences in the current study it is interesting that 
overall interpretation biases did increase following the stressful task, indicating that 
environmental stressors influence cognitive processes.    
Reported anxiety and coping ability were assessed during the 5-minute speech 
task and overall participants were feeling anxious while delivering their speech and 
thought that they were performing only “slightly well.”  This study also indicated that as 
participants were feeling less anxious their coping ability also increased.  Additionally, 
there seemed to be emerging group differences for reported anxiety symptoms during the 
speech task, where participants in the high and medium dose groups reported less anxiety 
during the stressful situation compared to the low dose and control groups.  These results 
indicated a similar pattern to reported state anxiety immediately following the speech 
task.  Group differences in coping ratings were less clear perhaps due a floor effect, 
where participants tended to conservatively rate how well they were performing on the 
speech task.  This is the first study to examine anxiety symptoms during the stressor task 
and was able to provide more immediate feedback about the attention training on stress 
during the actual task.  These results contribute to the literature by indicating that 
attention training produces immediate and maintained effects during a stressful task that 
may help participants better perform during the speech task.  Amir and colleagues (2008) 
found that participants in the attention training group had a greater performance in 
delivering their speech based on independent ratings, which is consistent with this study’s 
findings that indicate that high and medium dosage groups reported less anxiety during 
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the speech task.  This study contributes to the findings by Amir and colleagues by 
indicating that attention training helps to mitigate anxiety throughout the stressful task 
and therefore may aid in the process of delivering a speech.   
Phase 2 of this study examined the longitudinal effects of different dosages of 
AMT and the maintenance of change over a one-week and one-month follow up period. 
With regards to shifts in attention, this study indicated a significant decrease in RT for 
both negative and neutral words at one-week follow up and a maintained RT at one-
month follow up.  Additionally, at one month following a single training session, RTs 
significantly decreased for neutral words compared to negative words.  Group differences 
at one-month follow up further indicated that participants in all three-dosage groups 
reported decreased RTs for neutral words, where participants in the control group did not. 
Participants in the medium dose group seemed to indicate the greatest decrease in RT for 
neutral words.  Overall, a single session AMT produced a shift toward neutral words that 
was maintained at one-month follow up.  Additionally, at one-month follow up 
participants demonstrated a significantly greater RT for neutral words compared to 
negative words, further indicating a significant shift in attention.  This shift towards 
neutral words was maintained across all three-dosage groups.  However, results indicated 
that participants who received 160 trials demonstrated a greater shift toward neutral 
words at one-month follow up compared to 240 and 80 trials.  Therefore, these results 
indicated that the dose of 160 trials produced optimal results in creating and maintaining 
a shift in attention at one-month follow up.  
These findings are important as they indicate that a single-dose of AMT produced 
changes in attention bias that were maintained at a one-month follow.  Thus far, only one 
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other study examined a single session AMT (192 trials) beyond post-treatment for 
specific spider phobia and found maintained gains in shifts in attention at one-week 
follow up (Reese et al., 2010).  The current study contributes to the literature by 
demonstrating that a single session AMT (160 trials) is able to maintain shifts in attention 
at a one-month follow up.  Furthermore, studies that examined longitudinal effects (4-5 
months) of multiple session AMTs for clinical levels of anxiety only reported shifts in 
attention bias from pre to post training and did not examine maintenance of attention 
shifts at follow up (e.g., Schmidt et al., 2009; Amir et al., 2009a, 2009b).  The current 
study is the first that we are aware of that suggests a single-session AMT may have a 
robust effect across time.  
Additionally, the current study is important in shedding light on the parameters of 
AMT programs by indicating that the optimal form of delivery is 160 trials per session. 
This is consistent with a previous study that examined a multiple session AMT program 
for a clinical population with social phobia (Amir et al., 2009a).  This study found that 
participants in the attention training condition immediately following training 
demonstrated quicker RTs to non-threatening stimuli compared to threatening stimuli, 
where participants in the control group did not show a difference in RT between the two 
stimuli.  Additionally, a study examining AMT for generalized anxiety (Amir et al., 
2009b) found similar results for the shifts in attention produced by a multiple session 
AMT of 160 trials per session.  Unfortunately, in both of these studies maintained 
attention shifts were not examined following post-treatment and therefore there are no 
follow up results that can be compared to the results from the present study.  However, 
the present study does provide promising results that attention shifts for 160 trials per 
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AMT session produce maintained gains following post-treatment results.  These findings 
suggest that a medium dose of a single-session AMT can be effective over time in 
maintaining shifts in attention biases away from negative stimuli.  These findings also 
provide further support for cognitive theories of anxiety and the malleability of 
cognitions over time, an important facet in the treatment of anxiety disorders.   
As for maintained changes in mood and information processing at one-week and 
one-month follow up, group differences were indicated for state anxiety across time.  In 
particular, there was a significant decrease in state anxiety at one-week and one-month 
follow up.  A single session of AMT, ranging from 80 to 240 trials, continued to exert 
effects on state anxiety, immediately following a stressful task.  Thus, one week 
following training, all treatment groups looked better compared to the control group with 
regards to a reduction in state anxiety.  Moreover, at one-week follow up participants in 
the medium dose (160 trials) emerged as the treatment group that had the greatest 
decrease in state anxiety.  One-week follow up results from the current study suggest that 
a single-session AMT program is able to maintain gains.  One other study examined a 
single-session AMT program for anxiety symptoms and found only a trending difference 
between the treatment and control group at a one-week follow for specific spider phobia 
(Reese et al., 2010). Therefore, this is the first study to provide evidence that a single-
session AMT program has significant maintenance effects for anxiety symptoms.  
Additionally, this study further adds to the literature by being the first to examine 
differences in dosage on the maintenance of change in anxiety symptoms, which is 
important as it provides support for AMT interventions that are simultaneously high in 
feasibility and effectiveness.  
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Interestingly, group differences continued to emerge in the maintenance of state 
anxiety gains at one-month follow-up. Longer-term maintenance of gains was noted only 
in the high and medium dosage groups.  Participants in the high and medium dose groups 
reported significantly less state anxiety compared to participants in the control group 
following the speech task.  Furthermore, participants in the medium dose group reported 
a greater decrease in state anxiety than those in the high dose group.  Participants in the 
low dose group fell non-significantly between the high dose and control groups.   
Furthermore, participants in the control group reported significantly greater state anxiety 
at one-month follow-up compared to the previous follow up at one week, indicating an 
increase in anxiety, whereas participants in all training groups continued to maintain 
decreases in state anxiety after participating in the speech task.  These results imply that 
analogue AMT training may parallel treatment studies in longer-term maintenance in 
anxiety change (Amir et al. 2009a,b; Amir & Taylor, 2011; Boettcher et al., 2012; 
Schmidt et al., 2009), and may seem similar to multiple session AMT programs.  
 Furthermore, this study indicated that 160 trials seems to be the optimal dose in 
producing and maintaining effective change in state anxiety at one-week and one-month 
follow up. Immediate post training results indicated that participants who received 240 
and 160 trials reported less state anxiety compared to the low dose and control groups. 
Additionally, follow up results indicated that 240 and 160 trials maintained change in 
state anxiety.  Furthermore, it appears that participants who received 160 trials faired 
slightly better than those who received 240 trials.  It may be that with a lengthier training 
session individuals begin to disengage from the program and therefore do not receive a 
greater benefit from a greater number of training trials.  Moreover, this study indicated 
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that a dose increase of 80 training trials produced similar change in state anxiety as 160 
training trials and did not create a significant difference in state anxiety at all time points. 
However, cutting 160 training trials by 80 did not produce or maintain change in state 
anxiety greater than participants who received no training at all. In other words, 80 
training trials was not enough to produce change in attention or anxiety symptoms. 
Together, these results further indicate that 160 training trials produce optimal results.   
This study also indicated that depressive symptoms decreased at one-month 
follow up and that there were group differences, such that participants in the high and 
medium dose group reported less depressive symptoms compared to the control group.  
Previous studies have also found that depressive symptoms decrease during the course of 
treatment (i.e. Schmidt et al., 2009), but similar to this study depressive symptoms do not 
differ across groups immediately following treatment.  This may suggest that AMTs are 
more specific to symptoms of anxiety as differences in state anxiety were evident 
immediately following treatment.  Decreases in depressive symptoms in this study may 
suggest that as participants’ anxiety toward a stressor decreases it may also have an effect 
on depressive symptoms.  Therefore, aiding in the amelioration of anxiety may also have 
benefits for decreasing symptoms of depression.  Results from this study indicated that 
the two groups that had the greatest decrease in state anxiety (high and medium dosage) 
were the same groups that had decreases in depressive symptoms compared to the control 
group.  However, it should be noted that comparing all group depressive symptoms to 
normative data and cutoffs used to determine minimal to severe depressive symptoms 
(Beck et al., 1996) all groups remained in the minimally/non-depressed range (0-13) from 
pre-training to follow up time points.  Therefore, while there were significant changes in 
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depressive symptoms for high and medium dosage groups, the sample as a whole 
remained “non-depressive.”  Schmidt and colleagues (2009) found that in a sample of 
clinically anxious individuals a multiple session AMT program of 160 trials also 
produced significant changes in depressive symptoms and maintained gains at four-
month follow up.  Because this was a clinical sample, the degree of change in depressive 
symptoms in this study indicated that participants who received treatment demonstrated a 
clinically significant change in symptoms from moderate at pre-treatment to minimal at 
four-month follow-up.  Similar to this multi-session AMT study, the current study also 
indicated that AMTs may have long-term benefits on depressive symptoms as the 
reduction in anxiety symptoms are maintained.  Anxiety and depression tend to share 
many overlapping symptoms; therefore, treating anxiety symptoms may naturally help 
with symptoms of depression (Alloy, 1991).  Future studies examining AMT programs 
should continue to examine effects on depressive symptoms to further understand this 
relationship.  Additionally, studies that examine cognitive processing tend to compare 
pure anxiety or depression to healthy control groups rather than examining comorbid 
anxiety and depression.  Therefore, future cognitive processing studies should examine 
anxiety with comorbid depression in order to further understand how information 
processing specific to these disorders are interrelated and may be effected by attention 
training.  In other words, changes in attention biases that are related to anxiety due to 
AMTs overtime may have effects on cognitive processing (e.g., memory biases) that are 
related to depression.    
As for longitudinal effects on social anxiety, this study found that there were no 
differences across time or between groups for trait anxiety.  Therefore, there were no 
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changes immediately following AMT or at both follow up time points for social anxiety. 
With regards to change in trait anxiety from single-session AMTs, previous studies also 
found no effects on trait anxiety (Amir et al, 2008; Klump & Amir, 2010).  For example, 
Amir and colleagues (2008) only reported on group differences in state anxiety after a 
speech task but did not indicate group differences on trait anxiety.  Similarly, Klumpp 
and Amir (2010) reported immediate and maintained group differences in state anxiety 
but did not find differences in trait anxiety for social phobia.  However, multiple-session 
AMTs have more consistently found that attention training has an effect on both state and 
trait symptoms of anxiety (Amir et al., 2009a,b; Schmidt et al., 2009).  The current study 
and previous research indicates that in order to create change in trait anxiety from 
attention training a greater dosage of training sessions is required.  Mogg and Bradley 
(1998) reported that attentional biases are an interactive function of state and trait 
anxiety.  This Interactive Hypothesis posits that trait anxiety influences the direction of 
attention biases and state anxiety intensifies the direction.  In other words, under stress 
high trait anxious individuals become more vigilant.  Therefore, according to this 
hypothesis both trait and state anxiety are important aspects of attention bias; however, 
trait anxiety is a determinant of attentional direction and state anxiety emphasizes the 
direction of attention bias.  According to this distinction, it makes sense that change in 
trait anxiety would require a more intensive form of attention training of multiple 
sessions as trait anxiety is a more ingrained tendency to react or feel scared, worried, or 
stressed.  It may be beneficial for future studies to further examine ways in which AMTs 
may differently affect state and trait anxiety over the course treatment and time.   
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Together these results may also suggest a diathesis stress relationship between 
attention bias and anxiety symptoms in that individuals who show more automatic 
vigilance for threat are more susceptible to the development of anxiety when under stress. 
For a fairly healthy sample, while we did not see changes in trait anxiety, changes in state 
anxiety due to AMT may indicate a preventative treatment by manipulating a cognitive 
vulnerability and therefore perhaps thwarting the possibility of developing greater levels 
of anxiety when under stress.  Therefore, changes in state anxiety are equally important in 
attention training.     
Lastly, follow up results for interpretation biases indicated that at one-week 
follow up biases decreased from post-treatment and this change was maintained at one-
month follow up.  However, there were no group differences across time.  The change 
from post-treatment to one-week follow up may be accounted for by the fact that the 
speech task was not as stressful as when participants completed it for the first time, and 
therefore, this affected symptoms of interpretation bias.  For example, in the study by 
White and colleagues (2011), participants engaged in a stressful task prior to measuring 
interpretation biases and results indicated that participants who were trained to attend to 
negative stimuli indicated greater interpretation biases only after the stressor.  Therefore, 
a stressor does intensify symptoms of interpretation bias and perhaps at one-week follow-
up participants did not find the speech task as stressful, overall decreasing interpretation 
biases.  Since there were no group differences, this study indicates that shifts in attention 
do not have effects on shifts in interpretation bias.  This is the first study to examine 
whether changes in attention biases affect other cognitive vulnerabilities.  Results from 
this study suggest preliminary evidence for the lack of cascading effects on interpretation 
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bias from changes in attention bias; however, future research is needed to further 
investigate this relationship.  
Follow up results for the speech task indicated that participants reported less 
anxiety during the speech task at one-week and one-month follow up.  This decrease, in 
part, may have been due to practice effects as participants had previously created and 
delivered a speech.  However, in an attempt to control for practice effects, participants 
were made to choose a different topic from what they had chosen prior in order to 
produce anxiety.  Generally, for their first speech topic at Time 1 participants chose a 
topic that was relevant to them and therefore may have been easier to create a speech (i.e. 
raising tuition for college or drinking on campus).  However, by Time 2 and Time 3 
participants were left with more difficult topics to choose from (i.e. health care bill or gun 
control); therefore, making it more anxiety provoking.  Therefore, a decrease in state 
anxiety and maintenance at Time 3 could have been due to the AMT, as there were group 
differences across time.  Consistent with results for state anxiety, participants in the 
medium dose group were less anxious while delivering the speech compared to those in 
the low dose and control group.  As for coping ability during the speech task, results 
indicated that as anxiety decreased at follow up, in general coping ability seemed to 
increase at follow up.  However, there were no group differences.   
HLM was utilized in this study to further analyze a longitudinal model for 
individual change and group difference in state anxiety and depressive symptoms.  
Results further confirmed that there is a dosage effect for state anxiety and depressive 
symptoms in that group assignment predicted change and maintenance in symptoms.  As 
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previously stated, high and medium dose groups predicted less state anxiety and 
depressive symptoms compared to low dose and control groups.   
Overall, this study is important because it suggests that dosage is important in the 
effectiveness and delivery of AMT programs.  In particular, results indicate that 
immediately following a single-session AMT program there was an immediate dose 
response effect, where the greatest dosage resulted in the greatest impact on state anxiety 
and the lowest dosage did not, comparable to the control group.  Additionally, the 
medium dosage group had a greater impact on state anxiety compared to the low dose 
and control group and was comparable to the high dosage group.  This dose-response 
effect was maintained at follow up time points and further indicated that the medium 
dosage group produced the greatest effect on state anxiety at one-month follow up, 
suggesting that the optimal dosage is 160 trials.  Therefore, this study also suggests that a 
dosage lower than 160 trials (i.e., 80 trials) is not immediately efficacious on state 
anxiety and these results were maintained at follow up.  However, it should be noted that 
there seemed to be a potentially emerging effect at one-month follow up where the low 
dosage group reported less anxiety than the control group.  Lastly, this is the first study to 
extend follow-up maintenance beyond one-week to a one-month follow-up after a single 
session, indicating seemingly long-lasting effects from a single-session AMT program. 
As for other anxiety and mood symptoms, it is important to note that dosage of 
AMT also affected depressive symptoms at follow up, wherein high and medium dosage 
groups produced the greatest change in depressive symptoms.  In this study, no AMT 
group produced change in trait anxiety.  However, reported anxiety during the actual 
stressful speech task seemed to be affected by AMT dosage, and those in the high and 
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medium dose group produced the greatest change, which was also maintained at one-
month follow-up. This study also contributes to the literature by suggesting that changes 
in attention bias do not necessarily have direct effects on other cognitive vulnerabilities, 
including interpretation biases or coping ability.  Therefore, these results may suggest 
that while cognitive processes are interrelated changes in one does not necessarily 
determine or produce changes in the other.  Alternately, albeit changes in state anxiety 
were noted at multiple dosages, this was still a single session training, and perhaps more 
intensive attention training through multiple sessions may be necessary to impact other 
cognitive processing, such as interpretation biases.  These results are important to note 
especially when considering treatments for anxiety symptoms and the combination of 
techniques that address different cognitive processes to produce optimal change. 
Limitations   
 Results from this study suggest notable implications for further understanding the 
parameters of AMT programs for optimal treatment deliver.  Yet, there are certain 
limitations to the extent to which these findings can be generalized.  First, this study was 
limited by the sample size and the small number of participants in each group.  A small 
sample size may have affected statistical power and the study’s ability to truly capture the 
differences between groups for all measures.  Therefore, this study may have not had 
enough statistical power to determine differences between high and medium dose groups 
or low dose and control groups.  For example, it is possible that the difference between 
each dosage is greater than what has been captured in this study for mood symptoms and 
attention biases.  However, despite this limitation, this study is the first of its kind to 
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indicate significant results that are important in further understanding the effects of 
dosage on the effectiveness of AMT programs.  
Another study limitation to the interpretation of these findings includes the 
measures and methodology utilized to assess differences in attention biases, anxiety and 
mood symptoms, and interpretation biases.  With regards to attention bias, this study 
utilized general anxiety provoking words previously utilized by MacLeod and colleagues 
(2002) to measure attention bias.  However, other studies assessing attention bias in 
socially anxious individuals have also utilized specific words that may be related to social 
anxiety (Amir et al., 2008; Amir et al., 2009a,b; Klumpp & Amir, 2010; Schmidt et al., 
2009).  Therefore, in these studies, because the words used to assess attention bias were 
more relevant to the type of anxiety, participants may have been more vigilant toward 
this stimuli creating an even quicker RT to the negative words compared to neutral 
words.  The sensitivity to words that are specific to social anxiety may have created a 
greater difference in RT between negative and neutral words and therefore was better 
able to capture an attention bias as opposed to utilizing more general anxiety words like 
the current study.  It may be that participants in the current study do have an attentional 
bias despite the lack of significance indicated by study results and this bias may have 
been better captured if words used to measure attention bias were more specific to social 
anxiety.  For example, Wilson and colleagues (2003) found that the threat intensity of 
face stimuli determined whether attention biases were captured in a sample of trait 
anxious undergraduate participants.  This study found that across all participants low 
threat face stimuli indicated no general bias in attentional responses for such information. 
As the intensity of threat increased in face stimuli RTs were quicker for negative stimuli 
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compared to neutral stimuli suggesting attentional vigilance toward threat.  Therefore, the 
intensity of threat may determine the detection of attention biases toward threat for 
anxious individuals.  Future research on dose-response and longitudinal effects of AMT 
would benefit from assessing specificity of threatening stimuli for anxious individuals 
(e.g. socially anxious words) that may better capture potential changes in attentional 
biases. .  
Another measurement issue to consider is that main outcome measures for 
anxiety, mood, and information processing biases were all self-reported measures in the 
current study.  While this is consistent with other community-based studies, incorporating 
multiple viewpoints for measuring symptoms would have been beneficial.  For example, 
while this study is unique in measuring self-reported anxiety and coping ability during 
the stressful task, one other study utilized independent raters (Amir et al., 2008) to 
objectively assess the quality of the speech to determine whether attention training also 
had an impact on performance.  Amir and colleagues (2008) found that participants who 
engaged in attention training produced higher ratings based on independent raters 
indicating a superior performance compared to participants in the control group. 
Therefore, incorporating independent ratings of the speech task in addition to the self-
reported anxiety symptoms during the speech task would have provided further 
information about whether different dosages of AMT have specific effects on the speech 
performance for participants with social anxiety.  Additionally, the self-assessment 
during the speech task may have been difficult for participants as they may have been 
trying to concentrate on their speech as opposed to thinking about their level of anxiety or 
how well they were doing; therefore, their ratings may have not provided a sensitive and 
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accurate picture of how well participants were doing.  Lastly, studies (e.g., Amir et al., 
2009b) have also utilized independent raters in assessing social anxiety symptoms.  For 
example, while the current study utilized the LSAS as a self-reported measure of social 
anxiety, it is also used as a clinical interview for a more objective measure of symptoms. 
Therefore a clinical interview of social anxiety symptoms may have contributed to a 
more sensitive measure of anxiety and aided in finding potential differences between 
groups.  Additionally, incorporating biological measures of anxiety (e.g. EEGs, galvanic 
skin response, heart rate) in additional to behavioral assessments may provide more 
accurate estimates of anxiety.   
Another methodological consideration in the current study is the use of a 
community sample of undergraduate students rather than a clinical sample.  A majority of 
preliminary studies examining AMTs on social anxiety utilized community samples. 
Because this was the first study to examine a dose-response relationship for AMT the 
decision was made to utilize a community sample.  Based on the results future studies 
could replicate the study on a clinical sample.  For example, with a clinical sample, the 
different dosages on AMT may produce greater disparities in anxiety symptoms between 
groups compared to the current study.  Moreover, within a clinical sample, there may 
have been more variability with regards to attention biases and therefore greater results as 
it came to differences in attention bias due to different dosages of AMT.  While 
participants in this study were recruited for high levels of social anxiety, this study still 
may have represented a fairly healthy sample and future research is needed within 
clinical samples.  
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Finally, the results of this study are limited to the cut-offs used for each of the 
dosage groups.  In other words, while this study provides preliminary evidence to suggest 
that 160 trials is optimal in the delivery of AMT and that 80 trials is not efficacious in 
producing effects on anxiety symptoms, it is not to say that a dosage between 160 and 80 
trials would not produce effective results.  This study focused on a dosage difference of 
80 trials based on previous studies and the difference between the most commonly used 
number of trials for AMTs.  However, results from this study can only be utilized as a 
potential guideline for AMT programs as it is only limited to the chosen dosage 
increments and does account for other varying trial dosages.       
Future Directions  
 In light of this study and the limitations listed above, there remain aspects of 
AMTs that need further examination.  This appears to be the first study to examine a 
dose-response relationship in AMT for social anxiety; therefore, replication research is 
needed to further understand the relation between different trial dosages for AMT 
programs and changes in anxiety symptoms.  In particular, this study utilized a single-
session paradigm; however, future research should continue to examine dosage effects 
within multiple session paradigms.  With regards to treatment, it is most likely that AMTs 
will be delivered within multiple sessions; therefore, examining dosage within this 
paradigm will best generalize results for treatment purposes.  Similarly, as mentioned 
previously, dose-response research should also be conducted within a clinical sample to 
best understand how results generalize to treatment seeking individuals.  With regards to 
recruitment, future studies looking to utilize community samples should recruit based on 
attention biases in addition to anxiety symptoms.  Recruitment based on attention biases 
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may ensure that AMTs would be an appropriate form of intervention and results would 
generalize to individuals who would most benefit from AMTs.  
This study supported long-term effects of a single-session AMT program; 
however, longitudinal data was limited to a one-month follow up.  Therefore, future 
studies should continue to examine AMT programs within a longitudinal design.  
Previous research has examined multiple session AMTs as for out as five months. 
Research that will continue to examine a dose-response relationship for AMT programs 
should extend long-term data as for as five months to replicate previous studies. 
Another future direction that should be considered is further examining the 
relationship between attention and interpretation biases.  While recent studies have found 
that shifts in interpretation biases have had a positive effect on attention biases (Amir et 
al., 2010), this is the first study to examine the reverse relationship and this study 
suggests that shifts in attention bias do not have an effect on interpretation bias.  
However, this study only provides preliminary data and future research should continue 
to examine the potential effects of attentional shifts on other cognitive biases.  The main 
focus of this study was to examine a dose-response relationship between AMT and 
anxiety symptoms; therefore, the multiple dosage groups may have not been conducive to 
highlighting potential effects of attentional shifts on interpretation biases.  Therefore, 
future studies should focus on further understanding the interrelated relationships 
between cognitive biases and treatment effects.  
Lastly, very few studies have begun to examine the potential additive effect of 
AMTs to cognitive-behavioral treatments (e.g. Amir & Taylor, 2012; McEvoy & Perini, 
2009). In order to add to the literature, future research should examine the effectiveness 
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of AMT treatments alone compared to CBT alone and CBT plus AMT.  Such research 
would aid in further understanding optimal delivery of treatments for anxiety disorders. 
Additionally, research should also focus on individual characteristics that may determine 
those who would most benefit from AMTs versus a more traditional treatment of CBT.  
In conclusion, this study questions the parameters of attention training and 
examined post training and long-term effects of the number of training trials on attention 
bias, anxiety response to a stressor, social anxiety, depressive symptoms, and 
interpretation biases, within a single-session AMT program for individuals with social 
anxiety.  This study provides preliminary support for a dose-response relationship 
immediately following treatment, where the highest dose of AMT provided the greatest 
decrease in state anxiety and the lowest dose was comparable to receiving no treatment. 
Participants who received a medium dose also had a greater decrease in state anxiety 
compared to individuals who received a low dose of AMT.  These gains were maintained 
at one-month follow up and a medium dose of AMT seemed to provide the greatest 
benefit.  Therefore, 160 trials appears to be the optimal amount of AMT in a single-
session to provide short and long-term effects.  This study also provided evidence to 
suggest that a low dose of 80 trials does not provide immediate or long-term benefits for 
individuals who received a single-session AMT program. Additionally, high and medium 
doses of AMT seem to provide long-term results in decreasing depressive symptoms.  
Lastly, this study provided preliminary insight to the relationship between attention and 
interpretation biases by suggesting that shifts in attention bias did not effect change in 
interpretation bias.  Overall, this study contributes to the literature by providing further 
information about the parameters of AMT programs for optimal treatment delivery.  
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Additionally, this study highlights the importance of cognitive processing as it relates to 
the treatment of anxiety disorders.  AMTs have the potential to provide robust effects on 
attention and anxiety symptoms while maintaining feasibility of treatment delivery.  It is 
important that future research continue to expand on these results and examine the 
dissemination of AMTs in clinical, community, home, and school based settings, as one 
of the unique features of attention training may be the portability and cost effectiveness 
of an effective treatment for anxiety disorders.  Equally as important will be 
understanding how and when to incorporate AMTs with currently established treatments, 
including CBT, in order to provide the greatest therapeutic benefit in the amelioration of 
anxiety symptoms.    
Attention Shifts and Anxiety Change   
 
67
References 
 
Alloy, L. B. (1991). Depression and anxiety: Disorders of emotion or cognition? 
 Psychological Inquiry, 1991, 72-96. 
Amir, N., Beard, C., Burns, M., & Bomyea, J. (2009a). Attention modification program 
in persons with generalized anxiety disorder.  Journal of Abnormal Psychology, 
118, 28-33. 
Amir, N., Beard, C., Taylor, C.T., Klumpp, H., Elias, J., Burns, M., et al. (2009b). 
Attention training in individuals with generalized social phobia: A randomized 
controlled trial. Journal of Consulting and Clinical Psychology, 77, 961-973.  
Amir, N., Bomyea, J., & Beard, C. (2010). The effect of single-session interpretation 
modification on attention bias in socially anxious individuals. Journal of Anxiety 
Disorders, 24, 178-182.  
Amir, N., & Taylor, C. T. (2012). Combining computerized home-based treatments for 
generalized anxiety disorder: An attention modification program and 
cognitivebehavioral therapy. Behavior Therapy, 43, 546-549.  
Amir, N., Weber, G., Beard, C., Bomyea, J., & Taylor, C.T. (2008). The effect of a 
single-session attention modification program on response to a public-speaking 
challenge in socially anxious individuals. Journal of Abnormal Psychology, 11, 
860-868. 
Anderson, A. K., & Phelps, E. A. (2001). Lesions of the human amygdala impair 
enhanced perception of emotionally salient events. Nature, 411, 305-309. 
Bair-Haim, Y., Bakermans-Kranenberg, M. J., Lamy, D., Pergamin, L., & van 
Ijezendoorn, M. H. (2007). Threat-related attentional bias in anxious and 
Attention Shifts and Anxiety Change   
 
68
nonanxious individuals: A meta-analytic study. Psychological Bullentin, 133, 124.  
Baker, S. L., Heinrichs, N., Kim, H., & Hofmann, S. G. (2002). The Liebowitz Social 
Anxiety scale as a self-report instrument: A preliminary psychometric 
analysis.Behaviour Research and Therapy, 40, 701-715.  
Beard, C., Weisberg, R. B., & Amir, N. (2011). Combined cognitive bias modification 
treatment for social anxiety disorder: A pilot study. Depression and Anxiety, 28, 
 981-988.  
Beck, A. T. (1976). Cognitive therapy and the emotional disorders. New York: 
 International Universities Press. 
Beck, A.T., & Clark, D. A. (1997). An information processing model of anxiety: 
 Automatic and strategic processes. Behaviour Research and Therapy, 35, 49-58. 
Beck, A. T., Emery, G., & Greenberg, R.C. (1986). Anxiety disorders and phobias: A 
 cognitive perspective. New York: Basic Books.  
Beck, A. T., Steer, R. A., & Brown, G. K. (1996). Manual for the BDI-II. San Antonio, 
 Texas: The Psychological Cooporation.  
Boettcher, J., Berger, T., & Renneberg, B. (2012). Internet-based attention training for   
 social anxiety: A randomized controlled trial. Cognitive Therapy & Research, 36, 
 522-536.  
Bradley, B. P., Mogg, K., & Millar, N. (2000). Overt and covert orienting of attention to 
emotional faces in anxiety. Cognition and Emotion, 14, 789-808.  
Attention Shifts and Anxiety Change   
 
69
Bradley, B. P., Mogg, K., Millar, N., Bonham-Carter, C., Fergusson, E., Jenkins, J., et al. 
(1997). Attenional biases for emotional faces. Cognition & Emotion, 11, 25-42.  
Carlson, J. M., Reinke, K. S., & Habib, R. (2009). A left amygdala mediated network for 
rapid orienting to masked fearful faces. Neuropsychologia, 47, 1386-1389. 
Cisler, J. M., & Koster, E. H. W. (2010). Mechanisms of attentional biases towards threat 
in anxiety disorders: An integrative review. Clinical Psychology Review, 30, 203-
216.  
Creswell, C., O’Connor, T., & Brewin, C. (2006). A longitudinal investigation of 
maternal and child “anxious cognitions”. Cognitive Therapy and Research, 30, 135-
147. 
Eldar, S., & Bar-Haim, Y. (2010). Neural plasticity in response to attention training in 
anxiety. Psychology Medication, 40, 667-677.  
Eysenck, M. W. (1997). Anxiety: the cognition: a unified theory. Hove: Erlbaum. 
Fresco, D.M., Coles, M.E., Heimberg, R.G., Liebowitz, M.R., Hami, S., Stein, M. B., et 
al. (2001). The Liebowitz Social Anxiety Scale: a comparison of the psychometric 
properties of self-report and clinician-administered formats. Psychological 
Medicine, 31, 1025-1035.  
Gray, J. A. (1985) Issues in the neuropsychology of anxiety. In A. H. Tuma & J. D. 
Maser  (Eds.), Anxiety and the anxiety disorders. New Jersey: Erlbaum. 
Hakamata, Y., Lissek, S., Bar-Haim, Y., Britton, J. C., Fox, N. A., Leibenluft, E., et al. 
(2010). Attention bias modification treatment: A meta-analysis toward the 
Attention Shifts and Anxiety Change   
 
70
 establishment of novel treatment for anxiety. Biological Psychiatry, 68, 982-990.  
Hazen, R. A., Vasey, M.W., & Schmidt, N. B. (2009). Attentional retraining: A 
randomized clinical trial for pathological worry. Journal of Psychiatric Research, 
43, 627-633.    
Heimberg, R. G., Horner, K. J., Juster, H. R., Safren, S. A., Brown, E. J., Schneier, F. R., 
et al. (1999). Psychometric properties of the Liebowitz Social Anxiety Scale. 
Psychological Medicine, 29, 199-212.  
Julian, K., Beard, C., Schmidt, N. B., Powers, M. B., & Smits, J. A.J. (2012). Attention 
training to reduce attention bias and social stressor reactivity: An attempt toreplicate 
and extend previous findings. Behaviour Research and Therapy, 50,  350-358.  
Klumpp, H., & Amir, N. (2010). Preliminary study of attention training to threat and 
neutral faces on anxious reactivity to social stressor in social anxiety. Cognitive 
Therapy and Research, 34, 263-271.  
Langer, O., Dotsch, R., Bijlstra, G., Wigbodus, D. H. J., Hawk, S. T., & van 
Knippenberg, A. (in press). Presentation & validation of the Radboud Face 
Database. Cognition & Emotion.  
LeDoux, J. E. (1995). Emotion: clues from the brain. Annual Review of Psychology, 46, 
209-235. 
Li, S., Tan, J., Qian, M., & Liu, X. (2008). Continual training of attentional bias in social 
anxiety. Behaviour Research and Therapy, 46, 905-012.  
Liebowitz, M. R. (1987). Social Phobia. Modern Problems of Pharmocpsychiatry, 22, 
141-173.  
Attention Shifts and Anxiety Change   
 
71
MacLeod, C., & Mathews, A. (1988). Anxiety and the allocation of attention to threat. 
Quarterly Journal of Experimental Psychology, 40, 653-670. 
MacLeod, C., Mathews, A., & Tata, P. (1986). Attentional bias in emotional disorders. 
Journal of Abnormal Psychology, 95, 15-20.  
MacLeod, C., Rutherford, E., Campbell, L., Ebsworthy, G., & Holker, L. (2002). 
 Selective attention and emotional vulnerability: Assessing the causal basis of their 
 association through the experimental manipulation of attentional bias. Journal of 
 Abnormal Psychology, 111, 107-123. 
Marks, M. I., & Mathews, A. M. (1979). Brief standard self-rating for phobic patients. 
Behaviour Research & Therapy, 17, 263-267. 
Mathews, A., & MacLeod, C. (1994). Cognitive approaches to emotion and emotional 
disorders. Annual Review of Psychology, 45, 25 -50. 
Mathews, A., & MacLeod, C. (1985). Selective processing of threat cues in anxiety 
states.  Behaviour Research and Therapy, 23, 563-569.  
McEvoy, P. M., & Perini, S. J. (2009). Cognitive behavioral group therapy for social 
phobia with or without attention training: a controlled trial. Behaviour Research & 
Therapy, 17, 263-267.  
Mogg, K., & Bradley, B., (1998). A cognitive-motivational analysis of anxiety. 
Behaviour Research and Therpay, 36, 809-848.  
Mogg, K., Bradley, B. P., Millar, N., & White, J. (1995). Cognitive bias in generalized 
anxiety disorder: A follow-up study.  Behaviour Research & Therapy, 33, 927-935.  
Attention Shifts and Anxiety Change   
 
72
Mogg, K., Mathews, A., & Eysenck, M. (1992). Attentional bias to threat in clinical 
anxiety states. Cognition and Emotion, 6, 149-159. 
Mogg, K., Mathews, A., & Weinman, J. (1987). Memory bias in clinical anxiety. Journal 
of Abnormal Psychology, 96, 94-98. 
Najmi, S., & Amir, N. (2010). The effect of attention training on a behavioral test of 
contamination fears in individuals with subclinical obsessive-compulsive 
symptoms. Journal of Abnormal Psychology, 119, 136-142. 
Neubauer, K., von Auer, M., Murray, E., Petermann, F., Helbig-Lang, S., & Gerlach, A. 
L. (2013). Internet-delivered attention modification training as a treatment for social 
phobia: A randomized controlled trial. Behaviour Research and Therapy, 51, 87-97.  
Oei, T. P. S., Moylan, A., & Evans, L. (1991). Validity and clinical utility of the Fear 
Questionnaire Phobia subscale items: factor structure and psychometric properties. 
Psychological Assessments: A Journal of Consulting and Clinical Psychology, 3, 
391-397.   
Osman, A., Barrios, F. X., Osman, J. R., & Markway, K. (1993). Further psychometric 
evaluation of the Fear Questionnaire: responses of college students. Psychological 
Reports, 73, 1259-1266.  
Posner, M. I. (1980). Orienting of attention. Quarterly Journal of Experimental 
Psychology, 32, 3-25.  
Posner, M. I., & Peterson, S. E. (1990). The attention system of the human brain. Annual 
Review of Neuroscience, 13, 25-42.  
Rapee, R.M., & Heimberg, R. G. (1997). A cognitive-behavioral model of anxiety in 
social phobia. Behaviour Research and Therapy, 35, 741-756.  
Attention Shifts and Anxiety Change   
 
73
Reese, H. E., McNally, R. J., Najmi, S., & Amir, N. (2010). Attention training for 
reducing a spider fear in spider-fearful individuals. Journal of Anxiety Disorder, 24, 
657-662.  
Russell, G., & Shaw, S. (2009). A study to investigate the prevalence of social anxiety in 
a sample of higher education students in the United Kingdom. Journal of Mental 
Health, 18, 198-206. 
Schimdt, N.B., Richey, J.A., Buckner, J.D., & Timpano, K. R. (2009). Attention training 
for generalized social anxiety disorder. Journal of Abnormal Psychology, 118, 5-14.  
See, J., MacLeod, C., & Bridle, R. (2009). The reduction of anxiety vulnerability through 
the modification of attentional bias: A real-world study using a home-based 
cognitive bias modification procedure. Journal of Abnormal Psychology, 118, 65-
75.  
Spielberger, C. D., Gorsuch, R. L., Lushene, R., Vagg, P. R., & Jacobs, G. A. (1983). 
Manual for the State-Trait Anxiety Inventory, STAI (Form Y): Self-evaluation 
questionnaire. Palo Alto, CA: Consulting Psychologist Press. 
van den Heuvel, O., Veltman, D., Groenewegen, H., Witter, M., Merkelbach, J., & Cath, 
D. C. (2005). Disorder-specific neuroanatomical correlates of attentional  bias in 
obsessive–compulsive disorder, panic disorder, and hypochondriasis. Archives of 
General Psychiatry, 62, 922-933. 
Whisman, M. A., Perez, J. E., & Ramel, W. (2000). Factor structure of the Beck 
Depression Inventory-Second Edition (BDI-II) in a student sample. Journal of 
Clinical Psychology, 56, 545-551.   
Attention Shifts and Anxiety Change   
 
74
White, L. K., Suway, J. G., Pine, D. S., Bar-Haim, Y., & Fox, N. (2011). Cascading 
effects: The influence of attention bias to threat on the interpretation of ambiguous 
information. Behaviour Research and Therapy, 49, 244-251.  
Williams, J. M. G., Watts, F. N., MacLeod, C. & Mathews, A. (1988). Cognitive 
psychology and emotional disorders. Chichester: Wiley. 
Wilson, E., & MacLeod, C. (2003). Contrasting two accounts of anxiety-linked 
attentional selective attention to varying levels of stimulus threat intensity. Journal 
of Abnormal Psychology, 112, 212-218.  
Yoon, L. K., & Zinbarg, R. E. (2007). Threat is in the eye of the beholder: Social anxiety 
and the interpretation of ambiguous facial expressions. Behaviour Research and 
Therapy, 45, 839-847.  
  
Attention Shifts and Anxiety Change   
 
75
Table 1 
 
Gender Differences and Baseline Measures 
  
Baseline Measures Females (N = 59) Males  (N = 23) 
 M              SD M               SD 
Fear Questionnaire 19.36              3.68 18.43         3.52 
STAI 48.66            7.18 46.57         8.26 
BDI * 9.84              5.63 7.00           4.24 
LSAS total ** 58.90           20.36 44.35        18.86 
LSAS - anxiety subscale** 30.47          10.27 22.48         9.50 
LSAS - avoidance subscale * 28.43          11.47 21.87        10.62 
ASQ total 3.93              2.24 3.09           2.26 
* < 0.05, ** < 0.01 
Note. STAI = State Trait Anxiety Inventory, State; BDI = Beck Depression Inventory; 
LSAS = Liebowitz Social Anxiety Scale; ASQ = Ambiguous Situation Questionnaire  
 
Attention Shifts and Anxiety Change   
 
76
 
Table 2  
 
Group Differences and Baseline Measures 
  
Baseline Measures High Dosage 
 
Medium Dosage 
 
Low Dosage 
 
Control            
 
Total            
 
 M               SD M           SD M           SD M          SD M          SD 
Fear Questionnaire 18.91        3.64 18.55      3.07 20.10     4.01 18.79      3.51 19.10     3.52 
STAI  48.41        7.31 49.20      7.39 46.76     8.95 47.74       6.35 48.07     7.51 
BDI 8.57           5.33 9.85        6.31 7.67        5.05 10.21       4.81 9.04      5.40 
LSAS total  55.64        20.78 50.20      15.50 53.70     24.47 59.68      22.39 54.77   20.90 
LSAS - anxiety  28.59        10.95 26.90      9.16 27.65    12.24 29.68      10.57 28.20   10.64 
LSAS - avoidance  27.05        11.47 23.30      7.85 26.05    12.85 29.68      10.57 26.57   11.55 
ASQ total 4.23           2.70 3.60        2.11 3.05        2.11 3.89         1.20 3.70      2.27 
Note. STAI = State Trait Anxiety Inventory, State; BDI = Beck Depression Inventory; 
LSAS = Liebowitz Social Anxiety Scale; ASQ = Ambiguous Situation Questionnaire 
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Table 3 
 
Phase 1 Mean Reaction Time Pre to Post By Word Type and Group 
 
Word Type    High Dosage  Medium Dosage     Low Dosage      Control         Total  
   M               SD    M              SD    M              SD  M               SD    M             SD  
Negative Pre  553.65     141.61 549.76      127.71 556.73      89.18 579.00     132.17 559.36     122.45 
Negative Post 504.74      82.47 502.50       75.57 519.11      84.36 536.24      89.92 515.17      82.67 
Neutral  Pre 551.65     148.18 545.54      122.66 552.95      89.16 567.92     116.72 554.26     119.48 
Neutral Post 506.90      84.94   500.68       64.27           529.44      84.81 544.89      85.81 519.96      82.17 
Note. N = 82 
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Table 4 
 
Correlation Table Outcome Measures 
 
 LSAS anxiety LSAS avoidance LSAS total ASQ STAI 
BDI .417** .329** .392** .368** .504** 
LSAS - anxiety  .775** .937** .410** .327** 
LSAS - avoidance   .947** .394** .287** 
LSAS – total    .426** .325** 
ASQ     .250* 
* < 0.05 ** < 0.01 
Note. STAI = State Trait Anxiety Inventory, State; BDI = Beck Depression Inventory; 
LSAS = Liebowitz Social Anxiety Scale; ASQ = Ambiguous Situation Questionnaire 
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Table 5 
 
Phase 1 Outcome Measures Pre to Post By Group 
 
Outcome 
Measures 
   High Dosage 
 
Medium Dosage  
 
Low Dosage 
 
    Control  
 
     Total  
    M            SD    M           SD        M          SD    M           SD            M         SD 
STAI Pre  48.41        7.31 49.40       7.39 46.76      8.96 47.74       6.35 48.07     7.51 
STAI Post 53.45        9.40 55.20       9.61 58.52      9.69 58.84     11.17 56.43   10.04   
BDI Pre 8.57          5.33 9.85         6.31 7.67        5.05 10.21       4.81 9.04       5.40 
BDI Post 9.33          6.23 10.20       6.74 8.38        5.12 10.53       6.31 9.58       6.06 
LSAS Pre 55.64        20.78            50.20      15.50 53.70     24.47 59.68      22.39 54.77    20.90 
LSAS Post 59.64        23.84 51.24      17.04 56.85     27.52 61.53      25.22 57.37    23.57 
ASQ Pre 4.23           2.71 3.60         2.11 3.05        2.11 3.89         2.00 3.70       2.27 
ASQ Post 4.73           2.90  3.90         2.13 3.57        2.54 4.26         2.00 4.12       2.43 
Note. N = 82; STAI = State Trait Anxiety Inventory, State; BDI = Beck Depression 
Inventory; LSAS = Liebowitz Social Anxiety Scale; ASQ = Ambiguous Situation 
Questionnaire 
Attention Shifts and Anxiety Change   
 
80
 
Table 6 
 
Mean Anxiety and Coping During Time 1 Speech Task 
 
 High Dosage Medium Dosage  Low Dosage     Control       Total 
  M               SD   M               SD   M               SD   M              SD   M             SD  
Anxiety 3.96          2.23 4.20          1.78 5.10         2.17 5.10          1.98 4.55         2.10 
Coping 2.60          1.66 2.28          1.34 2.04         1.77 2.33          1.40       2.32         1.55 
Note. N = 82; Anxiety = anxiety ratings; Coping = coping ability ratings  
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Table 7 
 
Completers vs. Non-completers Outcome Measures 
 
   Completers 
      (N = 70) 
 Non-completers 
       (N = 12) 
   M               SD   M                  SD 
STAI Pre 47.43          7.18 51.83             8.58 
BDI Pre 9.41            5.68  6.92               2.71 
LSAS Pre 53.72          20.15 60.75             24.92 
ASQ Pre 3.73            2.32  3.50              2.02              
Note. STAI = State Trait Anxiety Inventory, State;  
BDI = Beck Depression Inventory;  
LSAS = Liebowitz Social Anxiety Scale;  
ASQ = Ambiguous Situation Questionnaire 
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Table 8  
 
Phase 2 Mean Reaction Time Across Time by Word Type 
 
Word Type    High Dosage  Medium Dosage     Low Dosage      Control         Total  
   M               SD   M              SD    M             SD  M              SD    M             SD  
Negative Pre  558.19    150.77 537.40     118.29 524.60      63.38 564.67    121.15 546.66    118.45 
Negative Post 512.89     85.69 497.85      74.66 492.57      55.84 530.48     90.29 508.41     77.88 
Negative 1 week 494.58     46.28 480.98       60.55 466.07      46.28 493.28      68.94  484.37     64.48 
Negative1 month 481.79     57.73 488.74       56.21 460.45       57.73 485.36      53.35 479.89      51.94 
Neutral  Pre 555.31     159.08 535.41      117.11 525.43       70.52 555.33     115.23 543.34     120.18 
Neutral Post 513.03     90.05   499.38       65.76           497.42       60.64 535.03      83.94 510.98      76.27 
Neutral 1 week 489.16     58.92 482.37       59.72 461.24       51.69 503.62      79.27 484.57      63.34 
Neutral 1 month 477.65     66.02  473.11        46.04 455.65       33.73 486.81      47.54 473.74      50.64 
Note. N = 70 completers; Negative = negative words; Neutral = neutral words 
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Table 9 
 
Phase 2 Outcome Measures Across Time by Group 
 
Outcome 
Measures 
   High Dosage 
 
Medium Dosage  
 
 Low Dosage 
 
    Control  
 
     Total  
    M               SD    M           SD        M           SD   M           SD              M         SD 
STAI Pre  47.84          7.37 49.53        7.57 44.75       7.22 47.12       6.12 47.43     7.18 
STAI Post 52.63          9.43 54.84        9.74 58.00       9.83 59.06      10.93 55.93    10.07 
STAI 1 Week  50.79         11.31 48.58        8.58 50.69       8.90 53.06      10.40 50.69     9.79 
STAI 1 Month 48.37         8.54 46.05        9.16 51.13       8.25 57.38      10.19 50.43     9.80 
BDI Pre 8.89           5.71 10.16        6.33 8.25         5.64 10.33      5.27 9.41       5.72 
BDI Post 9.56           6.67              10.32        6.91 9.00         5.54 10.93      6.41 9.94       6.33 
BDI 1 Week 9.00           6.72  7.79         6.00 8.63         6.49 10.33      7.35 8.87       6.53 
BDI 1 Month 6.67           5.98  6.79         6.53 8.50         6.24 10.73       5.66 8.03       6.21 
LSAS Pre 57.05        21.56 50.21      15.92 49.79      23.05 57.43      22.47 53.62    20.47 
LSAS Post 60.89        25.20   51.42      17.51 53.29      27.45 58.50      24.61 56.05    23.42 
LSAS 1 Week 55.21        27.61 50.32      17.03 49.64      24.74 57.86      28.93 53.18    24.33 
LSAS 1 Month 53.53        25.61 49.84      16.37 55.64      24.19 54.29      29.38 53.08    23.46 
ASQ Pre 4.53           2.76 3.63         2.17         2.88          2.22 3.75         1.84 3.73       2.32 
ASQ Post 4.95           3.03 3.95         2.17 3.25          2.72 4.25         1.77 4.13       2.51 
ASQ 1 Week 4.42           2.55 3.26         1.85 2.94          2.32 3.94         1.61 3.66       2.16 
ASQ 1 Month 4.37           2.43 3.16         2.41 3.00          2.61 3.69         1.66 3.57       2.33 
Note. N = 70 completers; STAI = State Trait Anxiety Inventory, State; BDI = Beck 
Depression Inventory; LSAS = Liebowitz Social Anxiety Scale; ASQ = Ambiguous 
Situation Questionnaire 
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Table 10  
 
Phase 2 Mean Anxiety and Coping Across Time for Speech Task 
 
 High Dosage Medium Dosage  Low Dosage     Control       Total 
  M              SD   M              SD   M             SD   M              SD   M             SD  
Anxiety Time 1 3.88          2.37 4.08          1.75 4.85         2.25 5.07          1.98 4.43         2.11 
Anxiety Time 2 3.46         1.86 2.57          1.71 3.57         2.22 2.90          1.58       3.11         1.86 
Anxiety Time 3 3.39         1.83 2.20          1.85 4.07         2.14 3.99          2.34 3.36         2.13 
Coping Time 1 2.73         1.68 2.38          1.37 2.25         1.96 2.22          1.47 2.41         1.61 
Coping Time 2 3.34         1.37 3.60          1.75 2.78         2.13 2.83          1.58 3.16         1.71 
Coping Time 3 3.24         1.61 3.48          1.90 2.62         1.94 2.34          1.35 2.95         1.74 
Note. N = 70 completers; Anxiety = anxiety ratings; Coping = Coping ability ratings 
 
Attention Shifts and Anxiety Change
 
Figure 1.  Consort diagram
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Figure 2.  Mean reaction times for neutral words pre to post  
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Figure 3.  Mean reaction times for negative words pre to post
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Figure 4.  Mean Difference for Neutral Words from Pre to Post Controlling for 
Mean Difference in Negative Words Pre to Post
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Figure 5.  Mean State Anxiety Pre to Post
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Figure 6.  Mean Social Anxiety Pre to Post
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Figure 7.  Mean Depressive Symptoms Pre to Post
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Figure 8.  Mean Interpretation Bias Pre to Post
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Figure 9.  Mean Reported Anxiety During 
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Figure 10.  Mean Reported Coping During Stressful Task at Time 1
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Figure 11.  Phase 2 Mean Reaction Time For Neutral Words Across Time
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Figure 12.  Phase 2 Mean Reaction Time
 
  
 For Negative Words Across Time
 
 
96
  
 
Attention Shifts and Anxiety Change
Figure 13.  Mean Differences Between RTs for Negative and Neutral Words 
at One-Month Follow Up
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Figure 14.  Phase 2 Mean State Anxiety Across Time By Group
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Figure 15.  Phase 2 Mean 
 
  
Depressive Symptoms Across Time By Group
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Figure 16.  Phase 2 Mean Social Anxiety Across Time By Group
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Figure 17.  Phase 2 Mean Interpretation Bias Across Time By Group
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Figure 18.  Phase 2 Speech Task Anxiety Across Tim
 
 
 
  
e 
 
 
102
 
Attention Shifts and Anxiety Change
Figure 19.  Phase 2 Speech Task Coping Across Time
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Appendix A 
Computer task Instructions 
Administration of the attentional assessment task 
This task starts with a cross which will appear in the center of the screen as a focus point for you. 
The cross will disappear and be replaced by two words. These two words will also disappear 
and be replaced by the E or F.  It’s your task to determine whether the letter E or F is on the 
screen. When the probe is the letter E you should press E (the key labeled E). When the 
probe is the letter F you should press F (the key labeled F).  
Please make your response as soon as you can tell whether the probe is the letter E or F. It is 
important to respond as quickly as you can without making mistakes. You should keep your 
fingers on the response keys throughout the session, to make your responses. It is important to 
maintain your attention to the task because your response will initiate the next trial. If you do 
make a mistake, just continue with the next trial. 
The program will indicate when all the trials have been completed, by displaying the screen 
message 'Goodbye and Thank you'. At that time you should let me know that you are done. If you 
need anything, please feel free to let me know. When you are done, we will complete the next 
task. 
Any questions? Let’s begin. 
Administration of the attentional modification program 
This task is very similar to the previous computer task; however, instead of the computer showing 
you words, this program will show you faces. You are to complete the task in the exact same 
way. 
This task starts with a cross which will appear in the center of the screen as a focus point for you. 
This cross will disappear and be replaced by two faces. These two faces will also disappear and 
by the letter E or F. Again, it is your job to determine whether the letter E or F appears on the 
screen. When the probe is the letter E you should press E (the key labeled E). When the 
probe is the letter F you should press F.  
Please make your response as soon as you can tell whether the probe is the letter E or F. It is 
important to respond as quickly as you can without making mistakes. You should keep your 
fingers on the response keys throughout the session, to make your responses. It is important to 
maintain your attention to the task because your response will initiate the next trial. If you do 
make a mistake, just continue with the next trial. 
The program will indicate when all the trials have been completed, by displaying the screen 
message 'Goodbye and Thank you'. At that time you should let me know that you are done. If you 
need anything, please feel free to let me know. When you are done, we will complete the next 
task. 
Any questions? Let’s begin. 
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Appendix B 
Speech Task Instruction 
For this task you are going to create speech and then deliver the speech in front of a video 
camera. There are five topics from which you can choose. 
 
Hand participant paper with five topics.   
 
You will have two minutes to choose one topic and create a five minute speech that you will 
deliver in front of the video camera. You can use the back of this paper to jot down some 
notes if you need. 
 
I will give you two minutes to create your speech. After two minutes I will come back and 
have you deliver your speech. 
 
After two minutes come back to participant 
 
Now it is time to deliver your speech. You will have five minutes. Throughout your speech 
at every minute I am going to stop you and have you rate how well you think you are doing 
and how anxious you feel.  When the minute is up I will say “Time” and that will be your 
cue to rate how you are feeling. 
 
Hand out rating sheet 
 
This is where you will be making your ratings.  The ratings are on an 8 point scale.  (Show 
them the rating scale). For how anxious you are feeling a 0 means not at all anxious, a 4 is 
definitely anxious, and an 8 is extremely anxious.  For how well you are doing a 0 means not 
at all well, a 4 is definitely well, and an 8 is excellent.  When I stop you at each minute, rate 
how anxious you feel and how well you are doing for that minute by circling a number.  
 
Any questions? (Answer questions if they have any) 
 
Ok, are you ready to begin?  Please, face the camera. And Begin.  
 
When they are speaking, try to be as neutral as possible, make no head nods, and no sign of 
encouragement.  
 
Time out the minutes by using a stop watch 
 
When  minute has gone by say: 
 
TIME, Please make a rating. 
 
After the last minute say: 
 
Time, please make your last rating.   
 
Ok you are done. Thank you! 
 
Attention Shifts and Anxiety Change
 
C.1. Effect of AMT on Attention Bias 
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Phase 1 
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Attention Shifts and Anxiety Change
C.2. Follow up ANCOVA Difference Between Pre and Post RT for Neutral Words 
Controlling for Difference in Negative Words. 
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Attention Shifts and Anxiety Change
C.3. Effect of AMT on Mood and Information Processing Bias
 
C.3.1. State Anxiety 
 
 
Follow up ANOVAs For State 
 
High Dosage vs. Low Dosage
 
 
High Dosage vs. Control 
 
  
 
Anxiety: 
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Attention Shifts and Anxiety Change
Medium Dosage vs. Low Dosage
Medium Dosage vs. Control 
High Dosage vs. Medium Dosage
Low Dosage vs. Control  
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Attention Shifts and Anxiety Change
C.3.2. Social Anxiety  
C.3.3. Depressive Symptoms
 
C.3.4. Interpretation Bias
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Attention Shifts and Anxiety Change
C.4. Effect of AMT on Anxiety and Coping within a Stressful Task.
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Attention Shifts and Anxiety Change
 
D.1. Maintenance of Attention Bias 
 
Follow up Pairwise T-Test 
 
ANOVA of Attention Bias at One Month Follow Up
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Phase 2 
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Attention Shifts and Anxiety Change
D.2. Maintenance of Mood and Information Processing 
 
D.2.1. State Anxiety 
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Attention Shifts and Anxiety Change
 
Note. Group 1 = High Dosage, Group 2 = Medium Dosage, Group 3 = Low Dosage, 
Group 4 = Control 
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Attention Shifts and Anxiety Change
D.2.2. Depressive Symptoms
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Attention Shifts and Anxiety Change
 
Note. Group 1 = High Dosage, 
Group 4 = Control 
 
  
Group 2 = Medium Dosage, Group 3 = Low Dosage, 
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Attention Shifts and Anxiety Change
D.2.3. Social Anxiety 
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Attention Shifts and Anxiety Change
 
Note. Group 1 = High Dosage, Group 2 = Medium Dosage, Group 3 = Low Dosage, 
Group 4 = Control 
 
 
   
 
118
Attention Shifts and Anxiety Change
D.2.4. Interpretation Bias
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Attention Shifts and Anxiety Change
 
Note. Group 1 = High Dosage, Group 2 = Medium Dosage, Group 3 = Low Dosage, 
Group 4 = Control 
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Attention Shifts and Anxiety Change
D.3. Maintenance of Anxiety and Coping Change Within a Stressful Task
 
D.3.1. Anxiety 
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Attention Shifts and Anxiety Change
Note. Group 1 = High Dosage, Group 2 = Medium 
Group 4 = Control 
 
 
 
  
Dosage, Group 3 = Low Dosage, 
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D.3.2. Coping  
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Attention Shifts and Anxiety Change
 
Note. Group 1 = High Dosage, Group 2 = Medium Dosage, Group 3 = Low Dosage, 
Group 4 = Control 
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Attention Shifts and Anxiety Change
 
E.1. State Anxiety 
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Hierarchical Linear Modeling (HLM) 
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Attention Shifts and Anxiety Change
First Model: 
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Attention Shifts and Anxiety Change
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Attention Shifts and Anxiety Change
Second Model: 
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Attention Shifts and Anxiety Change
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Attention Shifts and Anxiety Change
E.2. Depressive Symptoms
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Attention Shifts and Anxiety Change
First Model 
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Attention Shifts and Anxiety Change
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Attention Shifts and Anxiety Change
Second Model 
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